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(54) Title: FLAVIVIRUS RECOMBINANT POXVIRUS VACCINE 
(57) Abstract 

What is described is a recombinant poxvirus, such as vaccinia virus, fowlpox virus and canarypox virus, containing foreign 
DNA from flavivirus, such as Japanese encephalitis virus, yellow fever virus and Dengue virus. In a preferred embodiment, the 
recombinant poxvirus generates an extracellular particle containing flavivirus E and M proteins capable of inducing neutralizing 
antibodies, hemagglutination-inhibiting antibodies and protective immunity against flavivirus infection. What is also described is 
a vaccine containing the recombinant poxvirus for inducing an immunological response in a host animal inoculated with the vac- 
cine. 
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• ■ FLAVIVTRUS RECOMBINAOT POXVIRUS VACCINE 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of 
application Serial No. "07/714,687/ filed June 13, 1991,. 
which is a continuation-in-part of application Serial No. 
5 07/711,429, filed June 6, 1991, which in turn is a 

continuation of application Serial No. 07/567,960, filed 
August 15, 1990. 

FIELD OF THE INVENTION 
The present invention relates to a modified 

10 poxvirus and to methods of making and using the same. More 
in particular, the invention relates to 'recombinant 
poxvirus, which virus expresses gene products of a 
flavivirus gene,, and to vaccines which provide protective 
immunity against flavivirus infections. 

15 Several publications are referenced in this 

application-. Full citation to these references is found at 
the end of the specification preceding the claims. These 
references describe the state-of-the-art to which this 
invention pertains". 

20 BACKGROUND OF THE INVENTION 

Vaccinia virus, and more recently other poxviruses 
have been used for the insertion and expression of f oreig-n 
genes. The basic technique of inserting foreign genes into 
live infectious poxvirus involves recombination between .pox 

2 5 DNA sequences flanking a foreign genetic element in a donor 

plasmid and homologous sequences present in the rescuing 
poxvirus (Piccini et al., 1987). 

Specifically, the recombinant poxviruses are 
constructed in two steps known in the . art and analog'ous to 

3 0 the methods "for creating synthetic recombinants of the 

vaccinia virus described in U.S. Patent No. 4,603,11.2, the 
disclosure of which patent is incorporated herein by- 
reference. 

First, the DNA gene sequence to be inserted into 
3 5 the virus, particularly an open reading frame from a non-pox 
source, is placed into an E. coli plasmid construct into 
which DNA homologous to a section of DNA of the poxvirus has 
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homologous, with a section of another genome except for the 
presence within the first section of, for example, a genetic 
marker or a gene coding for an antigenic determinant 
inserted into a portion of the homologous DNA, recombination 
5 can still take place and the products of that recombination 
are then detectable by the presence of that genetic marker 
or gene in the, recombinant viral genome. 

Successful expression of the inserted DNA genetic 
sequence by the modified infectious virus requires two 
10 conditions. First,, the insertion must be into a 

nonessential region of the virus in order that the modified 
virus remain viable. The second condition for expression of 
inserted DNA is the presence of a promoter in the proper 
relationship to the inserted DNA. The promoter must be 
15 placed so that it is located upstream from the DNA sequence 
to be expressed. 

The family Flaviviridae comprises approximately 6 0 
arthropod-borne viruses that cause significant public health 
. problems in both temperate and tropical regions of the world 
20 (Shope/ 1980; Monath, 1986). Although some highly 

successful inactivated vaccines and live-attenuated vaccines 
have been developed against some of these agents, there has 
been a recent surge in the study of the molecular biology of 
flaviviruses in order to produce recombinant vaccines to the 
25 remaining viruses, most notably dengue (Brandt, 1988) • 

Flavivirus proteins are encoded by a single long 
translational open reading frame (ORF) present in the 
positive-strand- genomic RNA. The genes encoding the 
structural proteins are found at .the 5 ' end of the genom^e 
3 0 followed by the nonstructural glycoprotein NSl and ttie 

remaining nonstructural proteins (Rice et al. , 1985) . The 
flavivirus virion contains an envelope glycoprotein, E, a 
membrane protein, M, and a capsid protein, C. In the case 
of Japanese encephalitis virus (JEV) , virion preparat-ions 
35 usually contain a small amount of the glycoprotein precursor 
to the membrane protein, prM (Mason et al., 1987a), Within 
JEV- infected cells, on the other hand, the M protein is. 
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Although significant progress has been made in 
deriving the primary structure of these three flavivirus 
glycoprotein antigens, less is known about their three-, 
dimensional structure. The ability to produce properly 
5 folded, and possibly correctly assembled, forms of these 
antigens may be important for the production of effective 
recombinant vaccines. In the case of NSl-based vaccines, 
dimerization of NSl (Winkler et al., 1988) may be required 
to elicit the maximum protective response. For the E. 
10 protein, correct folding is probably required for eliciting 
a protective immune response since E protein antigens 
produced in E. coli (Mason et al. , 1989) and the authentic E 
protein prepared under denaturing conditions (Wengler et 
al. , 1989b) failed to induce neutralizing antibodies. 
15 Correct folding of the E protein may require the coordinated 
synthesis of the prM protein, since these -proteins are found 
in heterodimers in the cell-associated forms of West Nile 
virus (Wengler et al., 1989a). The proper folding of E and 
the assembly of E and prM into viral particles may require 
20 the coordinated synthesis of the NSl protein, which is 
coretained in an early compartment of the secretory 
apparatus along with immature forms of E in JEV-infected 
cells (Mason, 1989) . 

Attempts to produce recombinant flavivirus 
2 5 vaccines based on the flavivirus glycoproteins has met with 
some success, although protection in animal model systems 
has not always correlated with the predicted production of 
neutralizing antibodies "(Bray et al., 1989; Deubel et al., 
1988; Matsuura et al., 1989; Yasuda et al., 1990; Zhang et 
30 al., 1988; Zhao et al.,. 1987). 

Yasuda et al. (1990) reported a vaccinia 
recombinant containing the region of JEV encoding 65 out of 
the 127 amino acids of C, all of prM, all of E, and 59 out 
of the 3 52 amino acids of NSl. Haishi et al. (1989) 
35 reported a vaccinia recombinant containing Japanese 

encephalitis sequences encoding 17 out of the 167 amxno 
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. -protected monkeys from dengue infection. Several studies 
also have been completed on the expression of portions of 
the dengue type 4 structural and nonstructural proteins in 
vaccinia, virus (Bray et al. , 19897 Falgout-'et al. , 1989; 
• 5 • Zhao et al,, 1987) • Interestingly, a recombinant that 

contained the entire 5 ' end of the viral ORF extending from. 
C to NS2A under the control of the P7.5 early late promoter 
produced intracellular forms of prM, E,- and NSl but failed 
to induce the synthesis of extracellular forms of any of the 
10 structural proteins, even though a form of NSl was released 
from cells infected- with this recombinant virus (Bray et 
al., 1989; Zhao et al,, 1987). Additional recombinant 
viruses that contained several forms of the dengue type 4 E 
gene with or without other structural protein genes have 
15 also been examined (Bray et al . , 1989). Although several of 
these recombinant viruses were able to induce- protection, 
they neither produced extracellular forms of E nor induced 
neutralizing antibodies. A dengue-vaccinia recombinant 
expressing a C-terminally truncated E protein gene induced 
20 the synthesis of an extracellular form of E and provided an 
increasing level of resistance to dengue virus encephialitis 
in inoculated mice (Men et al., 1991), 

It can thus be appreciated that provision of a 
flavivirus recombinant poxvirus which produces properly 
25 processed forms of flavivirus proteins, and of vaccines 
which provide protective immunity against flavivirus 
infections, would be a highly desirable advance over the 
current state of technology. - 

OBJECTS OF THE lyVENTIOy 
3 0 It is therefore an object of this invention to 

provide recombinant poxviruses, which viruses express 
properly processed gene products of flavivirus, and to 
provide a method of making such recombinant poxviruses. 

It is an additional object of this invention to 
3 5 provide for the cloning and expression of flavivirus ooding 
sequences in a poxvirus vector. 
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More in particular, the recombinant viruses 
express portions of the flavivirus ORF extending from prM to 
NS2B. "^Biochemical analysis of cells infected with the 
recombinant viruses showed that the recombinant viruses 
5 specify the production of properly processed forms of all 
three flavivims glycoproteins - prM, E, and NSl. The 
recombinant viruses induced synthesis of extracellular 
particles that contained fully processed forms of the M and 
E proteins. Furthermore, the results of mouse immunization 
10 studies demonstrated that the induction of neutralizing 
antibodies and high levels of protection were, associated 
with the ability of the immunizing recombinant viruses to 
produce extracellular particles containing the. two 
structural membrane proteins- 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

' • • A better understanding of the present invention 

will be had by referring to the accompanying drawings, in 
which: 

FIG. 1 schematically shows a method for thie 
20 construction of donor plasmids pSPJEVSH12VC and pSPJEVL14VC 
containing coding sequences for a portion of the JEV 
structural protein coding region, NSl and NS2A; 

FIG. 2 schematically shows a method for thie 
construction of donor plasmids pSPJEVllVC and pSPJEVlOVC 
25 containing coding sequences for a portion of the JEV 
structural protein coding region, NSl, NS2A and NS2B; 

FIG. 3 shows the DNA sequence of oligonucleotides 
(shown with tranS;lational starts and stops in italics and 
. early transcriptional stops underlined) used to construct 
3 0 the donor plasmids; 

FIG. 4 is a map of the JEV coding regions inserted 
in the four recombinant vaccinia viruses vP650, vP555, vP658 
and VP583 ; 

FIG. 5 shows a comparison by SDS-PAGE analysis of 
35 the cell . lysate NSl proteins produced by JEV infection and 
infection with the recombinant vaccinia viruses vP65 0, 
VP555, VP658 and VP583; 
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FIG. 16 schematically shoWs a method for the 
construction of plasmid pSD548 for deletion of large 
subunit, ribonucleotide reductase and generation of 
recombinant vaccinia virus vP866 (NYVAC) ; 
5 FIG, 17 shows the DNA sequence of the Nakayaraa 

strain of JEV in the region encoding C through NS2B; 

FIG. 18 is a map of the JEV- coding regions 
inserted in the vaccinia viruses vP555, vP825, vP90S, vP923, 
VP857, VP864 and canarypox virus vCPlOT; 
10 FIG. 19 is a map of the YF coding regions inserted 

in the vaccinia viruses vP766, vP764, vP869, vP729, vP725, 
VP984; VP997, VP1002, VP1003 and canarypox virus vCP127; 

FIG. 2 0 shows part of the DNA sequence of a 
Western Pacific strain of DEN type 1/ 
15 FIG. 21 is. a map of the DEN coding regions - 

- inserted in the vaccinia viruses vP867, vP962 and vP955. 

FIG. 2 2. shows the DNA sequence of a canarypox 
PvuII fragment containing _the C5 ORF; 

FIG. 23 schematically shows a method for the 
20 construction of plasmid pRW848 for deletion of C5 ; 

FIG. 24 shows the. DNA sequence of a 7351 base pair 
fragment of canarypox containing the C3 ORF. 

DETAILED DESCRIPTION OF THE INVENTION 
A. better understanding of the present invention 
25 and of its many advantages will be had from the following 
examples, given by way of illustration. 

Example 1 - CIjONING OF JEV GENES INTO A VACCINIA VIRUS DONOR 
PIiASMID : .> ' 

A thymidine ..kinase mutant of the Copenhagen strain 

30 of vaccinia virus, vP4ld (Guo et al., 1989), was used to 

.generate recombinant vP658 (see below). A recombinant " 

vaccinia virus (vP425) containing the Beta-galactosiciase 

gene in the HA region under the control of the ll-kDa. late 

vaccinia virus promoter (Guo et al. , 1989) was used to 

35 generate recombinants vP555, vP583 and vP650. All vaccinia 

virus stocks were produced in either VERO (ATCC CCL81.) or 

MRC-5 (ATCC CCL171) cells in Eagle's minimal essential 

medium (MEM) plus 10% heat-inactivated fetal bovine serum 
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by.Sa^I, and the fragment containing the plasmid origin and 
JEV cDNA sequences extending from nucleotides. 2672-4125 was 
ligated to a Sac I- Eco RV fragment of JEV cDNA (nucleotides 
2125-2671) • The resulting plasmid, pJEVl, contained the 
5 viral ORF extending from the Sad site (nucleotide 2125.) in 
the last third of E through the Bal l site (nucleotide 4125) 
two amino acid, residues (aa) into the .predicted N terminus 
of NS2B (FIG. 1) • 

Synthetic oligos JIB (SEQ ID N0:46) and J2B (SEQ 
10 ID NO: 47) (FIG. 3; containing a Xho l sticky end, a Sma l 

site, the last 15 aa of C, and first 9 aa of JEV prM with a 
sticky Hindlll end) were ligated to a Hindlll-SacI fragment 
of JEV cDNA (nucleotides 407-2124) , and XhoI-SacI digested 
vector pIBI24 (International Biotechnologies Inc., New 
15 Haven, CT) . The' resulting plasmid, p JEV2 , contained the 
viral ORF extending between' the methionine (Met) codon 
(nucleotides 337-339) occurring 15 aa preceding the 
predicted N terminus of prM and the SacI site (nucleotide • 
2124) found in the last third of E (FIG. 1) . 
20 Synthetic oligos J7 (SEQ ID NO:48). and J8 (SEQ ID 

NO:49) (FIG. 3; containing BamHI and Ncol sticky ends) were 
used to clone the NcoI-SacI fragment of; JEV cDNA. 
(nucleotides 1336-2124) into BamHI -SacI digested pIBI24" 
yielding pSPNC78. Oligonucleotides J9 (SEQ ID N(D:50) and 
25 JIO (SEQ ID NO: 51) (FIG. 3; containing a liindlll sticky end, 
a Sma l site, and nucleotides 811-832 of JEV cDNA) were used 
to clone a HincII-NcoI fragment of JEV cDNA (nucleotides 
83 3-133 5) into Hin dlll- Nco l digested pSPNC78. The resulting 
plasmid, pJEV5, contained the viral ORF extending between 
30 the Met codon (nucleotides 811-813) occurring 25 aa 

preceding the N terminus of E and the Sac I site (nucleotide 
2124) found in the last third of E (FIG. 1). 

pTP15 contains the early/ late vaccinia virias H6 
promoter inserted into a poly linker region flanked hy 
3 5 sequences from the Hindlll A fragment of vaccinia vir-us from 
which the hemagglutinin (HA) gene has been deleted (Guo et 
al., 1989) • Sma l- Eaa l digested pTP15 was purified and 
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used to create pSPJEVll were removed as described above, 
yielding pSPJEVllVC (FIG. 2) . * 

Example 2 - CONSTRUCTION OF VACCINIA VIRUS R ECOMBINANTS 

Procedures for trans feet ion of recombinant donor 
5 plasmids into tissue culture cells infected with a rescuing 
vaccinia virus and identification of recombinants by in situ 
hybridization on nitrocellulose filters have been described. 
(Guo et al., 1989; Panicali et al., 1982). pSPCrEVL14VC, 
PSPJEVSH12VC, and pSPJEVlOVC were transf ected into 
10 vP4 2 5-inf ected cells to generate the vaccinia recombinants 
VP555, VP583 and VP650, respectively (FIG. 4)." pSPJEVllVC 
was transf ected into vP410 infected cells to generate the 
vaccinia recombinant vP658 (FIG. 4) . 

ExamiDle 3 - TN VTTRO VIRUS INFECTION AKP RADIOLABELING 

15 BHK or VERO cell monolayers were prepared in 3 5 mm 

diameter dishes" and infected with vaccinia viruses (iti.o.i. 
of 2) or JEV (m.o.i. of 5) and incubated for 11 hr 
(vaccinia) or 16' hr (JEV) before radiolabelingr At 11 hr or 
16 hr post-infection, the medium was removed and replaced 

2 0 with warm Met-free medium containing 2% FBS and 25 0 yUCi/ml 
• of ^^S-Met. The cells were incubated for.l hr at 37^C, 
. rinsed with warm maintenance medium containing lO-tiines the 
normal amount -of unlabeled Met, and incubated in this same 
high Met medium 6 hr before harvesting as described fcielow. 

2 5 In some cases, samples of clarified culture fluid were 

analyzed by sucrose gradient centrif ugation in 10 to 35% 

continuous sucrose gradients prepared, centrif uged, and 

analyzed as described (Mason, i989) . 

. Example 4 - RADIOIHMUN0PRECIPITATI0N5 > POLYACRYLAMI DS GEL 
30 ELECTROPHORESIS > AND ENDOGIiYCOSIDASE TREATMENT 

Radiolabeled cell lysates and culture fluids were 

harvested and the viral proteins were immunoprecipitated, 

digested with endoglycosidases , and separated in 

sps-containing polyacrylamide gels (SDS-PAGE) exactly^ as 

35 described (Mason, 1989). Unless otherwise noted, all. 

SOS-PAGE samples were prepared by heating in the presence of 

50 mM dithiothreitol (DTT) before electrophoresis. 
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NSl was Properly Proeseased and Secreted, when Ex pressed by 
Recombinant Vaccinia Viruses 

FIGS.' 5 and 6 show a comparison of the NSl 

proteins produced by JEV infection or infection with the 

5 recombinant vaccinia viruses. BHK cells were infected with 

JEV or recombinant vaccinia viruses, then labeled for 1 hf 

with ^^S-Met, and chased for 6 hr. Equal fractions of . the 

cell lysate (FIG. 5) or culture fluid (.FIG. 6) prepared from 

each cell layer were immunoprecipitated, and then either 

10 mock digested (M) , digested with endo H (H) , or digested 
with PNGase F (F) , prior to SDS-PAGE analysis. 

The data. from the pulse-chase experiments depicted 
in FIGS. 5- and 6 demonstrate that proteins identical in size 
to authentic NSl and NSl' were synthesized in and secreted 

15 from cells infected with any of the 4 re-combinant vaccinia 
■ viruses. Furthermore, the sensitivity of these proteins to 
endo H and PNGase. F indicated that the recombinant forms of 
NSl were gly.cosylated. Specifically, the cell-associated 
forms of NSl all contained two immature (endo H sensitive) 

2 0 N-linked glycans, while the extracellular forms contained - 
one .immature and one complex^ or hybrid (endo H resistant) 
glycan (see Mason, 1989) . Interestingly, these pulse-chase 
studies showfed similar levels, of NSl production by all four 
recombinants, suggesting that the potential vaccinia early 

2 5 transcriptional termination signal present near the end of 

the E coding region in vP555 and vP583 did not significantly 
reduce the amount of NSl produced relative to vP650 or vP658 
in which the . TTTTTGT was modified. Although the experiments 
depicted in FIGS. 5 and 6 were conducted on BHK cells 11 hr 

3 0 post-infection, similar experiments with infected VERO cells 

pulse-labeled at 4 or 8 hr post-infection did not reveal any 
differences in NSl expression associated with the presence, 
or absence of this TTTTTGT sequence. Comparison of the 
synthesis of NSl from vaccinia viruses containing either the 
35 NS2A (VP555 and vP583) or both the NS2A and NSr.B (vpeSO and 
VP658) coding regions showed that the presence or absence of 
the NS2B coding region had no affect on NSl expression. 
These results are consistent with the results of Falgout et 
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density gradients. Interestingly,, this hemagglutinin 
migrated similarly to the slowly sediment ing peak of 
noninfectious hemagglutinin (SHA). (Russell et al./ 1980) 
found in the culture fluid of JEV-infected cells (FIG. 9). 
5 Furthermore, these same fractions contained the fully 
processed form of M, demonstrating that vP555- and 
vP650-inf ected cells produced a particle that contained both 
of the structural membrane proteins of JEV. These particles 
probably represent empty JEV envelopes, analogous to the 22 

10 nm hepatitis B virus particles found in the blood of humans 
infected with hepatitis B virus (Tiollais et al., 1985) , and 
released from cells expressing the hepatitis B surface 
antigen gene (Dubois et al. , 1980; Moriarty et al., 1981). 
The hemagglutinating properties of the , supernatant fluid of 

15 cells infected with the recombinant viruses was examined, 
since hemagglutination activity requires particulate forms 
of JEV proteins that are sensitive to disruption by 
detergents (Eckels et al., 1975). These hemagglutination 
assays showed that the supernatant fluids harvested from 

20 cells infected with vP555 and vP650 contained 

hemagglutinating activity, that was inhibited by anti-JEV 
antibodies and. had a pH optimum identical to the JEV 
hemagglutinin. No hemagglutinating activity was detected in 
the culture fluid of cells infectad with vP410, vP583, or 

25 VP658. 

Reeombinant Vaccinia Vi rTisas Generate Extraeeimiar 
Particles . . 

Recombinant vaccinia virus vP555 produced E- and 
M-containing extracellular particles that behaved liics empty 

3 0 viral envelopes. The ability of this recombinant virus to 
induce the synthesis of extracellular particles containing 
the JEV structural proteins provides a system to generate 
properly processed and folded forms of these antigens. 

The recombinant viruses described herein contain 

35 portions cf the JEV ORF that encode the precursor to the 
structural protein M, the structural protein E, and 
nonstructural proteins NSl, NS2A, and NS2B. The E.and NSl 
proteins produced by cells infected with these recomloinant 
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with dilutions of suckling mouse brain infected with JEV 
(Beijing strain; multiple, mouse passage) (Huang, 1982) . Due 
to the variations in lethal dose observed between groups of 
mice and passages of the challenge virus, lethal-dose 
5 titrations' were performed in each challenge experiment. 

Following challenge, mice were observed at daily intervals 
for three weeks'. 

Evaluation of i wiTrm-n^ Response to the Recombinant Vaccinia 
Viruses 

10 Pools of mouse sera were prepared by mixing equal 

aliquots of sera from the representative animals bled in 
each group. Three-microliter samples of pooled sera were 
mixed with detergent-treated cell culture fluid obtained 
from . -^^S-Met-labeled JEV- infected cells, and the antigen 
15 antibody mixtures were then incubated with fixed 

Staphylococcus" aureus bacteria" (The Enzyme Center, Maiden, 
MA) that were coated with rabbit anti-mouse immunoglobulins 
(Dakopatts, Gostrup, Denmark) to assure that all classes of 
murine antibodies would be precipitated. The samples 
.2 0 obtained from these precipitations were not treated with, 
dithiothreitol prior to electrophoresis in order to avoid 
electrophoretic artifacts that resulted from* the 
co-migration of the rabbit immunoglobulin heavy chain with 
the radiolabeled viral antigens, and to permit clear 

2 5 separation of the E and the NSl' proteins. Neutralization 

tests were performed on heat- inactivated sera (20 min. at 
56°C) as described (Tesh et al., 1987) with the following 
modifications: (1) freshly thawed humin serum was added to 
all virus /antibody dilutions to a final concentration of 

3 0 2. 5%, (2) following virus absorption, the cell monolayers 

were overlayed with medium containing 0.5%. 
carboxymethylcellulose (Sigma, St. Louis, MO) , and (3) 
plaques were visualized at 6 days post-infection by staining 
with 0.1% crystal violet dissolved in 2 0% ethanol. 
35 Hemagglutination tests and hemagglutination-inhibition (HAI) 
tests were performed by a modification of the method of 
Clarke et al. (1958). 
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JEV. The analysis demonstrated that: (i) only those animals 
immunizec with vP555 showed a strong immune, response to e, 
and (2) a second inoculation resulted in a significant 
increase in reactivity to the E protein (FIG. 10) . 
5 Analysis of .the neutralization and HAI data for 

the sera collected from these animals confirmed the results 
of the immunoprecipitation analyses, showing that the 
animals boosted with vP555, which were 100% protected, had 
very high levels of neutralizing and 
10 hemagglutination-inhibiting antibodies (Table 2) . These 
levels of . neutralizing and hemagglutination-inhibiting 
antibodies were similar to the titers achieved" in naive mice 
that survived challenge from a normally lethal dose of the 
Beijing strain of JEV. 
15 The ability of vP555 to induce neutralizing 

antibodies may be related to the fact that. vP555 produces an 
extracellular particulate form of the structural proteins E 
and M. This SHA-liko particle probably represents an empty 
JEV envelope that contains E and M folded and assemloled into 
20 a configuration very similar to that found in the infectious 
JEV particle • Recombi.nants vP555 and vP650 may generate 
• extracellular forms of the structural . proteins . because they 
contain the coding regions for all three JEV glycoproteins, 
thereby providing all of the JEV gene products needed for 
25 assembly of viral envelopes. Other investigators (see 
above) have not been able to detect the production of 
extracellular forms cf E by cells expressing all three 
structural proteins (C,. prM, and E) in the presence • or 
absence of NSl and NS2A. The inability ,Qf their recombinant . 
3 0 . viruses to produce particles similar to those produced by 
VP555 and vP650 could, be due to the presence of the C 
protein gene in their recombinant genomes.- In particular, 
it is . possible that the C protein produced in the absence of 
a genomic RNA interferes with the proper assembly of the 
3 5 viral membrane proteins. Alternatively, an incomple-fcely 

processed form of C -similar to that detected by NowaK et al . 
(1989) in in vitro translation experiments, could prevent 
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10 



15 



20 



25 



30 



35 



40 



Table 2 



GROUP ^ 



Plaque reduction neutralization titers and HAI 
•antibody titers in pre-challenge sera. 



VP410 GROUP 1 
VP555 GROUP 1 
VP555 GROUP 2 
VP65 8 GROUP 1 
VP658 GROUP 2 

1 



ONE INOCULATION 
NEUTRALI ZATION^ 
TITER 

<l: 10 

1:40 

-1:80 . 
<l:10 
<1: 10 



TWO INOCULATIONS 
HAI^ NEUTRALI Z ATION^ 
TITER TITER 



HAI^ 
TITER 



<1:10 
1:40 
1:160 
<1: 10 
<1: 10 



1:640 



<l:10 



1: 160 
<l:10 



Vaccinia recombinant used for iimunization. Group 1 
indicates animals challenged 3 weeks, following a single 
vaccinia inoculation, and group 2 indicates animals 
challenged following two inoculations, 

^ Serum dilution yielding 90% reduction in plaque number. 

^ Serum dilution. 

-Example 7 - ATTENUATED VACCINIA VACCIKE STRAIN NYVAC 

To develop a new vaccinia vaccine strain, NTYVAC 
(VP866), the Copenhagen vaccine strain of vaccinia virus was. 
modified by the deletion of six nonessential regions of the 
genome encoding known or potential virulence factors. The • 
.sequential deletions are detailed below. All designations 
of vaccinia restriction fragments, open reading frames and 
nucleotide positions are based on the terminology reported 
in Goebel et al., 1990a, b. 

The deletion loci were also engineered as 
recipient loci for the insertion of foreign genes. 

The regions sequentially deleted in NYVAC are 
listed below. Also listed are the abbreviations and open 
reading frame designations for the deleted regions (Goebel. 
et al., 1990a, b) and the designation of the vaccinia 
recombinant (vP) containing all deletions through the 
deletion specified: 

(1) thymidine kinase gene (TK; J2R) vP410; 

(2) hemorrhagic region (u; B13R + B14R) vP553; 

(3) A type inclusion body region (ATI; A26L) vP618; 

(4) hemagglutinin gene (HA; A56R) vP723; 

(5) host range gene region (C7L - KIL) vP804;.and. 
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Constriiction of Plasmid PSD4 60 for Deletion of Thymidine 
Kinase Gene (J2li) 

Referring now to FIG, 11, plasmid pSD406 contains 

vaccinia Hindlll j (pos* 83359 - 88377) cloned into pUC8. 

5 PSD4 06 was cut with Hindlll and PvuII, and the 1.7 kb 

fragment from the left side of Hin dlll J cloned into pUCS ■ 

cut with Hindlll /Sma I / forming pSD447. . pSD447 contains the 

entire gene for J2R (pos,. 83855 - 84385). The initiation 

codon is contained within an Nlalll site and the termination 

10 codon is contained within an Ssp l site. Direction of 

transcription is indicated by an arrow in FIG. 11." 

To obtain a left flanking arm, a 0.8 kb 

Hindlll/EcoRI fragment was isolated from pSD447, then 

digested with Nlalll and a 0,5 kb Hindlll /Nlall.I fragment 

• 15 isolated. Annealed synthetic oligonucleotides 

J^PSYN43/MPSYN44 (SEQ ID N0:1/SEQ ID N0:2) - 

Smal 

MPSYN4 3 5' TAATTAACTAGCTACCCGGG 3» 

MPSYN44 3 • GTACATTAATTGATCGATGGGCCCTTAA 5 • 
20 Nla lll" Eco RI 

were ligated with the 0.5 kb Hin dlll/ Nla lll fragment into 
pUClS vector- plasmid cut with Hindi II/ EcoRI , generating 
plasmid pSb449. 

To obtain a restriction fragment containing a 
'25 vaccinia right flanking arm and pUC vector sequences, pSD447 
was cut with Ssol (partial) within vaccinia sequences and 
Hindlll at the pUC/vaccinia junction, and a 2.9 kb vector 
fragment isolated. This vector fragment was ligated with 
. annealed synthetic oligonucleotides MPSYN45/MPSYN4 6::<.SEQ ID 
30 N0:3/SEQ ID NO:4) 

Hindlll Smal 

MPSYN4 5 5' AGCTTCCCGGGTAAGTAATACGTCAAGGAGAAAACGAA' 
MPSYN4 6 3' . AGGGCCCATTCATTATGCAGTTCCTCTTTTGCTT 

35- Not I SSD I 

ACGATCTGTAGTTAGCGGCCGCCTAATTAACTAAT 3 ' MPSYN45 
TGCTAGACATCAATCGCCGGCGGATTAATTGATTA 5 ' MPS YN46 

generating p.SD459. 

To combine the left and right . flanking arms into 

4 0 one plasmid, a 0.5 kb Hindlll/ Smal fragment was isolated 

from pSD449 and ligated with pSD459 vector plasmid cut: with 
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with annealed synthetic oligonucleotides SD22iner/SD20mer 

(SEQ ID N0:6/SEQ ID NO: 7) 

Clal Bam HI Hpa l 

SD22mer 5' CGATTACTATGAAGGATCCGTT 3' 
5 SD20mer 3V TAATGATACTTCCTAGGCAA 5' 

generating pSD479. pSD479 contains an initiation codon 
(underlined) followed by a BamH I site. To place E. coli 
Beta-galactosidase in the B13-B14 (u) deletion locus under 
10 the control of the u promoter, a 3.2 kb Bam HI fragment 
containing the Beta-galactosidase gene (Shapira et al., 
1983) was inserted into the Bam HI site of pSD479, generating 
pSD479BG. pSD479BG was used as donor plasmid for 
recombination with vaccinia virus vP4lO, Recombinant 
15 vaccinia virus vP533 was isolated as a blue plaque in the 

presence of chromogenic substrate X-gal • In vP53 3 ttie B13R- 
B14R region is deleted and ' is replaced by Beta- 
galactosidase • 

To remove Beta-galactosidase sequences from vP533, 
20 plasmid pSD486, a derivative of pSD477 containing a 

polylinker region but no initiation codon at the u deletion 
junction, was utilized., first the Cla l / Hpa l vector fragment 
from pSD477 referred to above was ligated with annealed 
synthetic oligonucleotides SD42mer/SD40mer (SEQ ID NO:8/SEQ 
25 ID NO: 9) 

Cla l Sad Xho l . Hpal 

SD4 2mer 5' CGATTACTAGATCTGAGCTCCCCGGGCTCGAGGGATCCGTT 3 • 
SD4 Omer 3 ' TAATGATCTAGACTCGAGGGGCCCGAGCTCCCTAGGCAA 5 » 

Boll I Sma l Bam HI 

30 ■ generating plasmid pSD478. Next the EcoRI site at thW 

' pUC/vaccinia junction was destroyed by digestion of pSb47S- 

with Eco RI followed by blunt ending with Klenow fragment of 

coli polymerase and ligation, generating plasmid 

pSD478E". pSD478E" was digested with Bam HI and Hoa 'l and 

3^5 ligated with annealed synthetic oligonucleotides HEM5/HEM6 

(SEQ ID N0:10/SEQ ID NO: 11) 

BamH I Eco RI Hoal 
HEM5 5 • ' GATCCGAATTCTAGCT 3 • 
. HEM6 3 ' GCTTAAGATCGA 5 ' 
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was replaced with the corresponding 0.7 kb polylinker- 
containing Clal/EcoRV fragment frompSD4S5, generating 
pSD492. The Balll and. EcoRl sites in the polylinJcer region 
of pSD4 92 are unique. 
5 A 3.3 kb BolII cassette containing the E. abll 

Beta-galactosidase gene (Shapira et al, , 1983) under the 
control of the vaccinia 11 kDa promoter (Bertholet et al. , 
1985; Perkus et al. , 1990) was- inserted into the Balll site 
of pSD492, forming pSD493KBG.. Plasmid pSD493KBG was used in 
10 recombination with rescuing virus vP553. Recombinant 

vaccinia virus, vP581, containing Beta-galactosidase in the 
A26L deletion region, was isolated as a blue plague in the 
presence of X-gal. 

To generate a plasmid for the removal of Beta- 
15 galactosidase sequences from vaccinia recombinant virus 

VP581, the polylinker region of plasmid pSD492 was deleted 
by mutagenesis (Mandecki, 1986) using synthetic 
• oligonucleotide MPSYN177 (SEQ ID N0rl4) 

( 5 » AAAATGGGCGTGGATTGTTAACTTTATATAACTTATTTTTTGAATATAC 3 ' ) . 
20 In the resulting plasmid, pMP494A, vaccinia DNA encompassing 
. positions [137,889 - 138,937], including the entire A26L ORF 
is deleted. Recombination between the pMP494A and the Beta- 
galactosidase containing vaccinia recombinant, vP5Sl, 
resulted in vaccinia deletion mutant vP618, which was 
25 isolated as a clear plague in the presence of X-gal. 

Construction of Plasmid PSD467 for Deletion of HemaaaXutinin 
Gene (A56R) 

Referring now to FIG... 14, vaccinia Sai l G 
restriction fragment (pos. 160,744-173,351) crosses thie 

30 Hjjidlll A/B junction (pos. 162,539). pSD419 contains 
vaccinia Sai l G cloned into pUC8 . The direction of- 
transcription for the hemagglutinin (HA) gene is indicated 
by an, arrow in FIG. 14. Vaccinia sequences derived fr-om 
Hindlll B were removed by digestion of pSD419 with Hin dlll 

3 5 within vaccinia sequences and at the pUC/ vaccinia junction 
followed by ligation. The resulting plasmid, pSD456, 
contains the HA gene, A56R, flanked by 0.4 kb of vaccinia 
sequences to the left and 0.4 kb of vaccinia sequences to 
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yP708 and pSD4 67 resulted in recombinant vaccinia deletion 
mutant, vP72 3, which was isolated as a clear plaque in the 
presence of X-gal.. 

Construction of Plasmid pMPCSKlA for Deletion of Open 
5 Reading Frames rC7L-KlL1 

Referring now to FIG. 15, the following vaccinia 

clones were utilized in the construction of pMPCSKlA . 

pSD420 is Sai l H cloned into pUCS, pSD43 5 is Kpn l F cloned 

into pUClS. pSD4 3 5 was cut with Sph I and religated, forming 

10 pSD4 51. In pSD4 51, DNA sequences to the left of the Sph I 

site (pes. 27/416) in Hindlll M are removed (Perkus et al., 
1990). pSD409 is Hin dlll M cloned into pUC8 . 

To provide a substrate for the deletion of the 
[C7L-K1L] gene cluster from vaccinia, E. coll Beta- 

15 galactosidase was first inserted into the vaccinia M2L 

deletion locus (Guo et al., 1990) as follows. To eliminate 
the BolII site in pSD4b9, the plasmid was cut with BolII in 
vaccinia sequences (pos. 28,212) and with Bam HI at the 
pUC/ vaccinia junction, then ligated to form plasmid pMP4 09B.. 

2 0 PMP4 09B was cut at the unique Sph I site (pos._ 27,416) . M2L 
coding sequences were .removed by mutagenesis (Guo et al.,. 
199 0; Mandecki, 1986) using synthetic oligonucleotide 

Bal ll • 

MPSyN82 (SEQ ID NO: 19) 5' TTTCTGTATATTTGCACCAATTTAGATCTTACTC 

25 AAAATATGTAACAATA 3 ' 

The resulting plasmid; pMP409D, contains a unique BglXI site 
inserted into the M2L deletion locus as indicated above. A 
'3.2 kb BamHI (partial) /BalU cassette containing the E. coll 
Beta-galactosidase gene (Shapira et al., 1983) under the 

30 control of the 11 kDa promoter (Bertholet et al., 1985) was 
' inserted into pMP409D cut with BolII. The resulting 
plasmid, pMP409DBG (Guo et al. , 1990) , was used as donor 
plasmid for recombination with rescuing vaccinia virus 
VP723 . Recombinant vaccinia virus, vP78 4, containing Beta- 

35 galactosidase inserted into the M2L deletion locus, was 
isolated as a blue plaque in the presence of X-gal. 

A plasmid deleted for vaccinia genes [C7L-K1L] was 
assembled in pUC8 cut with Smal, Hin dlll and blunt ended 
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plasmid fragment deleted for a portion of the I4L coding 
sequences, pSD518 was digested with BamH I (pos. 65,381) and 
Hoal (pos. 67,001) and blunt ended using Klenow fragment of 
E. coli polymerase. This 4.8 kb vector fragment was ligated 
5 with a 3.2 Jcb Sma l cassette containing the JET. coli Beta- 
galactosidase gene (Shapira et al., 1983) under the control 
of the vaccinia 11 kDa promoter (Bertholet et al., 1985; 
Perkus et al., 1990), resulting in plasmid pSD524KBG. 
PSD52 4KBG was used as donor plasmid for recombination with 
10 vaccinia virus vP804. Recombinant vaccinia virus, vPS55, 
containing Beta-galactosidase in a partial deletion of the 
14 L gene, was isolated as a blue plaque in the presence of 
X-gal. 

To delete Beta-galactosidase and the remainder of 
15 the i:4L ORF from vP855, deletion plasmid pSD548 was 

constructed. The left and right vaccinia . flanking arms were 
assembled separately in pUC8 as detailed below and presented 
schematically in FIG. 16. - 
To construct a vector plasmid to accept the left 
va.ccinia flanking arm, pUCB was cut with BamHI / EcoRI and 
ligated with annealed synthetic oligonucleotides 518AX/518A2 
(SEQ ID NO:21/SEQ ID NO: 22) 
Bam HI Rsa l 

5 1 8 Al 5 ' GATCCTG AGTACTTTGTAATATAATGATATATATTTTCACTTTATCTCAT 
518A2 3» GACTCATGAAACATTATATTACTATATATAAAAGTGAAATAGAGTA 

Bql ll Eco RI 
- TTGAGAATAAAAAGATCTTAGG 3 ' 5 1 8 Al 

. AACTCTTATTTTTCTAGAATCCTTAA 5* 518A2 

forming plasmid pSD531. pSD531 was cut with Rsal (partial) 

and BamHI and a 2.7 kb vector fragment isolated. pSD518 was 

cut with BgJLII (pos. 64,459)/ Rsal (pos. 64, 994) and a 0.5 

kb fragment isolated. The two fragments were ligated 

together, forming pSD537, which contains the complete 

5 vaccinia flanking arm left of the I4L coding sequences. 

To construct a vector plasmid to accept the r"ight 

vaccinia flanking arm, pUC8 was cut with BamHI /EcoRI and 

ligated with annealed synthetic oligonucleotides 51SB1/518B2 

(SEQ ID NO:23/SEQ ID NO:24) 
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1988) using vP866 as template and primers flanking the six 
deletion loci detailed above produced DNA fragments of the* 
expected sizes. Sequence analysis of the PGR generated • • 
fragments around the areas of the deletion junctions 
5 confirmed that the junctions were as expected. Recombinant 
vaccinia virus. vP8 66, containing, the six- engineered 
deletions as described above, was designated vaccinia 
vaccine strain "NYVAC." 

Example 8 - CONSTRUCTION OF NYVAC-MV RECOMBINANT 
10 EXPRESSING MEASLES FUSION AND HEMAGGLUTININ 

.. GLYCOPROTEINS 

cDNA copies of the sequences encoding the HA and F 
proteins of measles virus MV (Edmonston strain) were ■ 
inserted into NYVAC to create a double recombinant 
15 designated NYVAC-MV. The recombinant authentically 

expressed both measles glycoproteins on the surface of 
infected cells. Immunoprecipitation analysis demonstrated 
correct processing of both F and HA glycoproteins. The 
recombinant was also shown to induce . syncytia formation. 
20 Cells and Viruses 

The rescuing virus used in the production of 
NYVAC-MV was the modified Copenhagen strain of vaccinia' 
• virus designated NYVAC. All viruses were grown andtitered 
on Vero cell monolayers.. 
2 5 Plasmid Construction 

Plasmid pSPM2LHA (Taylor et al., 1991) contains 
. the entire measles HA gene linked in a precise ATG to ATG 
configuration with the vaccinia virus H6 promoter which has 
been previously described (Taylor et al., 1988a, b; Quo et 
30 al., 1989,; Perkus et al., 1989). A l.Skpb EcoRV/Smal ■ 

fragment containing the 3 ' most 24 bp of the H6 promoter 
fused in a precise ATG: ATG configuration with the HA <gene 
lacking the 3* most 26 bp was isolated from pSPM2LHA. This 
fragment was used to replace the 1.8 kbp Eco RV/ Sma l f fragment 
35 of pSPMHHAll (Taylor et al., 1991) to generate pRWS03 . 
Plasmid pRW803 contains the entire H6 promoter linked 
precisely to the entire measles HA gene. 
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oligonucleotide directed mutagenesis was performed us±'ng 
oligonucleotide SPMAD (SEQ ID N0:40) . 

SPMAD : 5 ' - TATCCGTTAAGTTTGTATCGTAATGGGTCTCAAGGTGAACGTCT-S ' 

The resultant plasmid was designated pSPMF75M20. 

5 The plasmid pSPMF75M2 0 which contains the measles 

F gene now linked in a precise ATG for ATG configuration 

with the H6 promoter was digested with Nru l and EagI . The 

resulting • 1.7 kbp blunt ended fragment containing the 3 • 

most 27 bp of the H6 promoter and the entire fusion gene was 

10 isolated and inserted into an intermediate plasmid pRWS23 

which had been digested with Nru l and Xba l and blunt ended.- 

The resultant plasmid pRW841 contains the H6 promoter linked 

to the measles F gene in the pIBI25 plasmid vector 

(International Biotechnologies, Inc. , New Haven, CT) . . The 

15 H6/measles"F cassette was excised from pRW841 by digestion 

with' Smal and the resulting 1.8 kb fragment was inserted 

into. pRW.843 (containing the measles HA gene) • Plasmid 

•pRW8 4 3 was first digested with NotI and blunt-ended with 

Klenow fragment of E. coll DNA polymerase in the presence . of 

2 0 2inM dNTPs. The resulting plasmid, pRW857, therefore 

contains the measles virus F and. HA genes linked in a tail 

to tail configuration. Both genes are linked to the 

vaccinia virus H6 promoter. 

Development of NYVAC-KV 

25 Plasmid pRW857 was transfected into NYVAC infected 

Vero cells by using the calcium phosphate precipitation 

method previously described (Panicali et al., 1982; Piccini 

et al., 1987). Positive plaques were selected on the basis . 

of In situ plaque hybridization to specific MV F and KA 

30 radiolabeled probes and subjected to 6 sequential rounds of 

plaque purification until a pure population was achieved. 

One representative plaque was then amplified and the 

■ resulting recombinant was designated NYVAC-MV (vP913) . 

Example 9 - CLONING OP JEV GENES INTO A VACCINIA VIRUS DONOR 
35 PLASMID 

A thymidine kinase mutant of the Copenhagen strain 

of vaccinia virus vP410 (Guo et al., 1989) was used to 

generate recombinants vP825, vP829, vP857 and vP8.64 (see 
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sequence of the C coding region of pC20, combined with an 
updated sequence of the' prM, E, NSl, NS2A, and NS2B coding 
- regions of the Nakayama strain of JEV is presented in FIG. 
17A and B (SEQ ID NO:52). All nucleotide' coordinates are 
5 based on this' updated sequence with numbering beginning at 
the C protein Met initiation codon. 

Plasmid pDr2 0 containing JEV cDNA (nucleotides -28 
to 10 00) in the Sma l and Eco RI sites of pUClS (see above) 
was digested with BamHI and Eco RI and the JEV cDNA insert 
10 cloned into pIBI25 (International Biotechnologies, Inc., New 
Haven, CT) generating plasmid JEV18. JEVIB was digested- 
with Anal within the. JE sequence (nucleotide 24) and Xhol 
within pIBI25 and ligated to annealed oligonucleotides J90 
(SEQ ID NO: 54) and J91 (SEQ ID NO:55) (containing an Xho l 
15 sticky end, Sma l site, and JE nucleotides 1 to 23) 

generating plasmid JEV19. JEV19 was digested with Xho l 
within pIBI25 and AccI within JE sequences (nucleotide 602) 
and the resulting 613 bp fragment was cloned into the Xho l 
and AccI fragment of..JEV2 (FIG, 1) containing the plasmid 
20 origin and JEV cDNA encoding the carboxy-terminal 4 0% prM 
and amino-terminal two thirds of E (nucleotides 603 to 
2124), generating plasmid JEV2 0 containing JE sequences from 
the ATG of C through the Sad site (nucleotide 212 4) found 
in the last third of E.. 
25 The Sma l- Sac I fragment from JEV8 (a plasmid 

analogous to JEVL (FIG. 1) in which TTTTTGT nucleotides 13 04 
to 1310 were changed to TCTTTGT) , containing JE sequences 
from the last third of E through the first' two amino acids 
of NS2B (nucleotides 2;124 to 4126); the plasmid origin and 
3 0 vaccinia sequences, was ligated to the purified Smal-SacI 

insert from JEV2 0 yielding JEV22-1. The 6 bp corresponding 
to the unique Sma l site used to construct JEV22-1 were 
removed using oligonucleotide-directed double-strand bireak 
mutagenesis (Mandecki, 1986) creating JEV24 in which tiie H6 
35 promoter immediately preceded the ATG start codon, 

Plasmid JEV7 (FIG, 2) was digested with SphI ' 
within JE sequences (nucleotide" 2381) and Piindlll within 
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H6 promoter iiiunediately preceded the ATG start codbn. 

Oligonucleotides j90 (SEQ ID NO:25), J91 (SEQ ID Nb:26),J94 

(SEQ ID NO:27), J95 (SEQ ID NO:28) , J96 and- J97 (SEQ ID 

N0:29)/ and J99 and J98 (SEQ ID NO:30) are as follows: 

5 J90 5'-TCGAG CCCGGG atg ACTAAAAAACCAGGA GGGCC-3 ' 
J91 3'- C GGGCCC TAG TGATTTTTTGGTCCT C -5' 
Xho l . Sma l Apa l 

J94 5'- C T t aa ttttfcat tga CGGCCG A -3' 
10 J95 3 '-GTACG A ACT AAAAATA ACT GCCGGC TTCGA-5 • 
SDh I Eaa l Hind lll 

t 

J96+J97 5'-GGG atg. GGCGTTAACGCACGAGACCGATCAATTGCTTTGGCCTTC 
J99+J98 3»-CCC TAG CCGCAATTGCGTGCTCTGGCTAGTTAACGAAACCGGAAG 

15' 

TTAGCCACAGGAGGTGTGCTCGTGTTCTTAGCGACCAA 
AATCGGTGTCCTCCACACGAGCACAAGAATCGCTGGTT 

TGT. GCATG-3* 
20 ACA C -5' . 

SphI / ; . • ' . 

Construction of Vaccinia Virus Recombinants 

- • Procedures -for transfection of recombinant donor 

plasmids into tissue culture cells infected with a rescuing 
25 vaccinia virus and identification of recombinants by ±n situ 
hybridization on nitrocellulose filters have. been described 
(Panicali et al., 1982; Guo et al., 1989) • JEV24, JEV27, 
JEV3.3 and JEV34 were transfected into vP410 infected cells 
to generate the vaccinia recombinants . vP825 , vP829, vP857 
30 and VP864 respectively (FIG. 18) • 

In Vitro virus Infection and Radiolabelina 

HeLa cell monolayers were prepared in 3 5 mm 
diameter dishes* and infected with vaccinia viruses (m.o.i. 
of 2) or JEV (m.o. i. of 5)' before radiolabeling. At 1.6 h 
35 post infection,, cells were pulse labeled with medium 

containing ^^S-Met and chased for 6 hr in the presence of 
excess unlabeled Met exactly as described by Mason et al. 
(1991) . JEV- infected cells were radiolabeled as above for 
preparation of radioactive proteins for checking pre- and 
4 0 post-challenge mouse sera by radio immunoprecipitat ion. 
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sequences contained in these recombinant viifuses .are -shown 
in FIG. 18. In all four recombinant viruses the sense 
strand of the JEV cDNA was positioned behind the vaccinia 
virus early/ late H6 promoter, and translation was expected 
5 to be initiated from naturally occurring JEV Met codons 
• located at the 5' ends of the viral cDNA. sequences. 

Recombinant vP825 encoded the capsid protein C, 
structural protein precursor prM, the structural 
glycoprotein E, the nonstructural glycoprotein NSl, and the 

10 nonstructural protein NS2A (McAda et al. , 1987). 

Recombinant vP82 9 encoded the putative 15 aa signal • sequence 
preceding the amino-terminus of prM, as well as prM, and E 
(McAda et al., 1987). Recombinant vP857 contained a cDNA 
encoding the. 30 aa hydrophobic carboxy-terminus of E, 

15 followed by NSl and NS2A.. Recombinant vP864 contained a 

CDNA encoding the same proteins as vP857 with the addition 
of NS2B. In recombinants vP825 and vP829 a potential 
vaccinia virus early transcription termination signal in E 
(TTTTTGT; nucleotides 1399-1405) was modified to TCTTTGT 

20 without altering the aa sequence. This change was made in 
an attempt to increase the. level of expression of E since 
this sequence has been shown to increase transcription 
termination in in vitro transcription assays (Yuen et al., 
1987) . 

25 B and prM Were Properly Proces sed When Expressed By 
p^af-nmh tnant Vaccinia Viruses 

Pulse-chase experiments demonstrate that proteins 
identical in size to E were synthesized in cells infected 
with all recombinant vaccinia viruses containing the E gene 

30 (Table 3). In the case of cells infected with JEV, vP555 

and VP829, an E protein that migrated slower in SDS-PAGE was 
also detected in the culture fluid harvested from the 
infected cells (Table 3). This extracellular form of E 
produced by JEV- and vP555-inf acted cells contained mature 

35 N-linked glycans (Mason, 1989; Mason et al. , 1991), as 
confirmed for the extracellular forms of E produced by 
vP829-infected cells. Interestingly, vP825, which contained 
the C coding region in addition to prM and E specified the 
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showing that only the NS2A gene is needed fpr the, proper 
processing of NSl (Falgout et al., 1989; Mason et al. 
1991)- The efficiency of release of .NSl by vP825 infected 
cells was niore than 10 times less than that, for NSl 
"5 synthesized in vP555, vP857 or.vP8 64 infected cells. 

Recombinant Vaccinia Viruses Induced Tmrnwrt^ Respons es To JBV 
" Antigens 

Pre-challenge sera pooled from selected animals in 
each group were tested for their ability to 

10 immunoprecipitate radiolabeled E and NSl- The results of 

these studies (Table 3) demonstrated that: (1) the following 
order of immune response to E vP82 9>vP555>vP825 , (2) all 
viruses encoding NSl and NS2A induced antibodies to NSl, and 
(3) all immune responses were increased by a second 

15 inoculation with the recombinant viruses. Analysis, of the 
neutralization and -HAI data for the sera collected from 
these animals (Table 4) confirmed the results of the 
immunoprecipitation analyses , showing that the immune 
response to E as demonstrated by RIP correlated well with 

20 these other serological tests (Table 4). . 

Vaccination With the Recombinant Viruses Provided Prcfcection 
From Lethal JEV Infection 

All of the recombinant vaccinia viruses were able 
to provide mice with some protection from lethal infection 

2 5 by the peripherally pathogenic P3 strain of JEV (Huangr, 

1982) (Table 4) • These studies confirmed the protective 
potential of vP555 (Mason et al. , 1991) and demonstrated 
similar protection in animals inoculated with vP825 and 
VP829- Recombinant viruses vP857 and vP864 which induced 

3 0 strong immune responses to NSl showed much lower levels of 

pirotection, but mice inoculated with these recombinants were 

still significantly protected when compared to mice 

inoculated with the control virus, vP410 (Table 4) • 

Post-Challenae Immune Responses Doctment the Level of JEV 
3 5 Replication 

In order to obtain a better understanding of the 

mechanism of protection from lethal challenge in animals 

inoculated with these recombinant viruses, the ability of 
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- Table 4 . Protection of mice and immune' response 
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single = single inoculation with 10'' pfu vaccinia 
recombinants (ip) and challenge 3 weeks later with 4.9x10 
LD5Q P3 strain JEV (ip) • 

30 • ■ . . 

double = two inoculations :with lO'^ pfu vaccinia recombinants 
(ip) 3 weeks apart and challenge 3 weeks later with 1.3x10 
LD50 P3 strain JEV (ip) . • 

3 5 Table 5. Post challenge iinmune response 
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double. 
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45 ■ 

+ NS3 antibodies present in post-challenge sera 
a No surviving mice 

50 

b Very low level NS3 antibodies present in post-challenge 
sera 
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generating a 2005 bp . fragment . The 1789 bp EcoRV-SacI and 
2005 bp (Sacl-filled EclXI). fragmeritL, were ligated to EcoRV 
(within H6) and Sroa l digested (within polylinker) and 
alkaline phosphatase treated SP126 generating JEV35. JEV35 
5 was transfected into vP8 66 (NYVAC) infected cells to 
generate the vaccinia recombinant vP908 (FIG. 18) . 

JEV3 5 was digested with Sad (within JE sequences 
nucleotide 2124) and JEclXI (after T5NT) a 5497 bp fragment 
isolated and ligated to a Sad (JEV nucleotide 2125) to EagI 
10 fragment of JEV25 (containing the remaining two thirds of E, 
translation stop and T5NT) generating JEV36.. JEV36 was 
transfected into vP866 (NYVAC) infected cells to generate 
the vaccinia recombinant vP923 (FIG. 18) . 

Oligonucleotides SPHPRHA A through D (SEQ ID N0:31), (SEQ ID 
15 NO:32); (SEQ ID NO:33) and (SEQ ID NO:34) are . ligated to 

generate the following sequences (SEQ ID N0:56/SEQ ID NO: 57) 

Hindlll 

A+B 5'- AGCTTCTTTATTCTATACTTAAAAAGTGAAAATAAATACAAAGGTTCTTGAG 
D+C 3 • - AGAAATAAGATATGAATTTTTCACTTTTATTTATGTTTCCAAGAACTC 



20 



GGTTGTGTTAAATTGAAAGCGAGAAATAATCATAAATTATTTCATTATCGC 
CCAACACAATTTAACTTTCGCTCTTTATTAGTATTTAATAAAGTAATAGCG 



Eco RV . 

25 GATATCCGTTAAGTTTGTATCGTAC -3' A+B 

CTATAGGCAATTCAAACATAGCATGAGCT -5 » D+C 

Xho l 

Animal Protection Experiment 

Mouse protection experiments were performed 

30 exactly as described by Mason et al. (1991). Groups of 3 
week old mice were immunized by intraperitoneal (ip) 
injection of 10^ pfu of vaccinia virus, and 3 weeks later 
sera were collected from selected mice* Mice were then 
challenged by ip injection with a suspension of suckling . 

35 mouse brain infected • with the P3 strain of JEV (multxple 

mouse passage; Huang, 1982) . Following challenge mice were 
observed daily for three weeks. 
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25 
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35 
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Evaluation of Immune Reapon^,^ t - .p jgy ww^q 'RecQnbiT.;.^^-^ 

Hemagglutinin inhibition (HAl) tests were 
performed as described by Mason et al. (I99i) 

NYVAC recombinants vP908 and VP923 elicited high 
levels of hemagglutination-inhibiting antibodies and 
protected mice against. more than 100,000 LD^o of JEV (Table 
6 ) • 

Table 6. Ability^ of JEV NYVAC recombinants to protect mice 
from lethal JEV encephalitis p^-uuect mice 



15 Immunizing Virus PT-<a-r<h= 1 1 

y xiu:= Fre-challenge Survival/total 



NYVAC (VP86 6) <1:10 

20 VP908 - 



VP923 



0/12 

' .11/12 



10/10 



P3 



Immunization - one inoculation of. lo'' pfu, ip route. 

Challenge - .3 weeks post immunization 3.8 x lo^ LD 

strain JEV ip route - 

Example ll - g^^gg^g r,EKES TNTO , v,c cxkt. vr^n. 

A host range mutant of vaccinia virus (WR strain) 
VP293 (Perkus et al. , 1989), was used to generate all 
recombinants (see below); All vaccinia virus stocks were 
produced in either VERO (ATCC CCL81) or MRC-5 (ATCC CCL171) 
cells in Eagles MEM supplemented with 5-10% newborn calf 
serum (Plow Laboratories, McLean, VA) . 

The YF 17D cDNA clones used to construct the YF • 
vaccinia recombinant viruses (clone loiii and clone 28III) ■ 
were obtained from Charles Rice (Washington University. • 
school of Medicine, St. Louis, MO) , all nucleotide 
coordinates are derived from the sequence data presented in 
Rice et al., 1985. 

Plasmid YFO containing YF cDNA encoding the 
carboxy-terminal 80% prM, E and amino-terminal 80% NSl 
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(nucleotides 537-3266) was derived by cloning an Aval/ to 
Nsil fragment of YF cDNA (nucleotides 53 7-1658) and an Nsi l 
to Koni fragment of YF- cDNA (nucleotides 1659-3266) into 
Aval and Kpn l digested IBI25 (International Biotechnologies,. 
5 Inc, , New Haven, CT) Plasmid YFl containing YF cDNA 

encoding C and amino-terminal 20% prM (nucleotides 119-53 6) 
was derived by cloning a Rsa l to Ava l fragment of YF cDNA 
(nucleotides 166-53.6) and annealed oligos SP46 and SP47 
(containing a disabled Hindlll sticky end, Xho l and Clal 
10 sites and YF nucleotides 119-165) into Ava l and Hin dlll 

digested IBI25 . Plasmid YF3 containing" YF . cDNA encoding the 
carboxy-terminal 60% of E and amino-terminal 25% of NSl was 
generated by cloning an Apa l to BamH I fragment of YF cDNA 
(nucleotides 1604-2725) into Apa l and BamH I digested IBI25. 
15 Plasmid YF8 containing YF cDNA encoding the carboxy-terminal 
20% NSl NS2A, NS2B and amino-terminal 20% NS3 was derived by 
cloning a Kpn l to Xba l fragment of YF cDNA (nucleotides 
3267-4940) into Kon l and Xba l digested IBI25. Plasmid YF9 
containing YF cDNA encoding the carboxy-terminal 60% NS2B 
20 and amino-terminal 20% NS3 was generated by cloning a Sad 
to Xba l fragment of YF cDNA (nucleotides 4339-4940) into 
Sad and Xba l digested IBI25. Plasmid YF13 containing YF 
cDNA encoding the carboxy-terminal 25% of C, prM and amino- 
terminal 40% of E was derived by cloning a Bal l to Apa l 
25 fragment of YF cDNA (nucleotides 384-1603) into Apa l and 
Sma l digested IBI25. 

Oligonucleotide-directed mutagenesis (Kuiikel, 
198 5) was used to change potential vaccinia virus early 
transcription termination signals (Yuen et al. , 1987) 49 aa 
3 0 from the amino- terminus of the C gene in YFl (TTTTTCT 

nucleotides 263-269 and. TTTTTG.T nucleotides 269-^275) , to (SEQ 
ID NO: 3 5) TTCTTCTTCTTGT creating, plasmid YFIB, . in the E gene 
in YF3 (nucleotides 1886-1893 TTTTTTGT to TTCTTTGT 189 aa 
from the carboxy-terminus and nucleotides . 2429-2435 TTTTTGT 
35 to TTCTTGT 8 aa from the carboxy-terminus) creating pLasmids 
YF3B and YF3C. A PstI to Bam HI fragment from YF3C 
(nucleotides 19.65-2725) was exchanged for the corresponding 
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10 



15 



fragment of YT3B, generating YF4 containing YF cDNA encoding 
the carboxy-terminal 60% E ajid amino-terminal 25% NSl 
(nucleotides 1604-2725) with both mutagenizsd transcription 
termination signals. An Aoal to BamH I fragment from YF4 
(nucleotides 1604-2725) was substituted for the equivalent 
region in YFO creating plasmid YF6 containing YF cDNA 
encoding the carboxy-terminal 80% prM, E and amino-terminal 
80% NSl (nucleotides 537-3266) with both mutagenized 
transcription termination signals. Plasmid YF6 was digested 
with EcoRV within the IBI25 sequences and- Aval at nucleotide 
537 and ligated to an Eco RV to' Ava l fragment from YFIB 
(EcoRV within IBI25 to Aval at nucleotide 536) generating 
YF2 containing YF cDNA encoding C through the amino-terminal 
80% of NSl (nucleotides 119-3266) with an Xho l and Cla l site 
at 119 and four mutagenized transcription termination 
signals. . ,' 

■ Oligonucleptide-directed mutagenesis described 
above was used to insert Xhol and Cla l sites preceding the 
ATG 17 aa f rom . the carboxy-terminus of E (nucleotides 2402- 
2 4 04) in plasmid YF3C- creating YF5 , to insert 20lol and Clal 
sites preceding the ATG 19 aa from the carboxy-terminus of 
prM (nucleotides 917-919) in plasmid YF13 creating YF14, to 
insert an Xhol . site preceding the ATG 23 aa from the 
carboxy-terminus of E (nucleotides 2384-2386) in plasmid 
25 YF3C creating plasmid YF25, and to insert an Xhfil site and 
ATG (nucleotide 419) in plasmid YFl 21 aa from the carboxy- 
terminus of C generating YF45. 

An Apal to BaioHI fragment from YF5 (nucleotides 
1604-2725) was exchanged for the corresponding region of YFO 
creating YF7 containing YF cDNA encoding the carboxy- 
terminal 80% prM, E and amino-terminal 80% NSl (nucleotides. 
537-3266) with Xhol and Clal sites at 2402 (17 . aa from the 
carboxy-terminus of E) and a mutagenized transcription 
termination signal at 2429-2435 (8 aa from the carboxy- 
3 5 terminus of E) . The Apal to BamHI fragment from YF25 

(nucleotides 1604-2725) was exchanged for the corresponding 
region of YFO generating YF26 containing.YF cDNA encoding 



20 



30 
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. the carboxy-terminal 8p^% prM, E and amino-terminal 8 0% NSl 
(nucleotides. 537-3266) with an Xho l site at nucleotide 2384 
(23 aa from the carboxy-terminus of E) and inutagenized 
transcription termination signal at 2428-2435 (8 aa from the 
5 carboxy-terminus of . E) . 

An Ava l to Aoa l fragment from YF14 (nucleotides 
537-1603) was substituted for the corresponding region in 
YF6 generating YF15 containing YF cDNA encoding the carboxy- 
terminal 80% prM, E and amino-terminal 80% NSl (nucleotides 
10 537-3266) with Xho l and Clal sites at nucleotide 917 (19 aa 
from the" carboxy-terminus of prM) and two; mutagenized. 
transcription termination signals. YF6 was digested within 
IBI2 5 with Eco RV and within YF at nucleotide 537 with Ava l, 
and ligated to Eco RV (within IBI25) to Aval fragment of .YF45 
15 generating YF46 containing YF cDNA encoding C through, the' 
amino-terminal 80% NSl (nucleotides 119-3266) with an Xho l 
site at 419 (21 aa from the carboxy-terminus of C) and two 
transcription termination signals removed, 

Oligonucleotide-directed mutagenesis described 
20 above was used to insert a Sma l site at the carboxy-terminus 
of NS2B (nucleotide 4569) in plasmid YF9 creating YFXl, and 
to insert a Sma l site at the carboxy-terminus of NS2A 
(nucleotide. 4180) in plasmid YF8 creating YFIO. A Sad to 
Xbal fragment from YFll (nucleotides 4339-4940) and Asp 718 
25 to Sac I fragment from YF8 (nucleotides 3262-4338) were 
ligated to Aso718 and Xba l digested IBI25 creating YF12 
containing YF cDNA encoding the carboxy-terminal 2 0% NSl, 
NS2A,'-NS2B and amino-terminal 20% NS3 (nucleotides 32 62- 
4940) with a Sma l site after the carboxy-terminus of NS2B 
30 (nucleotide 4569)-' 

Plasmid pHES4 contains the vaccinia KIL host range 
gene, the early/ late vaccinia virus H6 promoter, uniqxie 
multicloning restriction sites, translation stop codons and 
an early transcription termination signal (Perkus et al. , 
3 5 1989) . A Kon l to Sma l fragment from YF12 encoding caxboxy- 
terminal 20% NSl, NS2A and NS2B (nucleotides 3267-4569) , 
Xho l to Kpn l fragment from YF15 encoding 19 aa prM, E and 
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amino-terminal 80% NSl (nucleotides 917-3266) and Xho l- Sma l 
digested pHES4 were ligated generating YF23, An Xtio l to. 
Bam HI fragment from YF2 6 encoding 23 aa amino-terminal 
25% NSl (nucleotides 2384-2725) was ligated to an Xho l to 
5 BamHI fragment from YF23 (containing the carboxy-terminal 
75% NSl, NS2A and NS2B, the origin of replication and 
vaccinia sequences) generating YF28, 

Xho l- Sma l digested pHES4 was ligated to a purified 
Xho l to Konl fragment from YF7 encoding 17 aa E and amino— 

10 terminal 80% NSl (nucleotides 2402-3266) plus a Konl to Sma l 
fragment from YFIO encoding the carboxy-terminal 20% NSl and 
NS2A (nucleotides 3267-4180) creating YF18 • An Xho l to 
Bam HI fragment from YF2 encoding C, prM, E and amino- 
terminal 25% NSl (nucleotides 119-2725) was ligated to a 

15 • Xho l to Bam HI fragment of YF18 (containing the carboxy- 
terminal' 75% NSl and NS2A^ . the origin of replication and 
vaccinia sequences) generating YF19 . The same Xho X to BamHI 
fragment from YF2 was ligated to a Xho l to BamH I fragment 
from YF28 (containing the carboxy-terminal .75% NSl and NS2A^ 

20 the origin of replication and vaccinia sequences) (generating 
.YF20. A Xho l to BamH I fragment from YF4 6 encoding 21 aa C, 
prM, E and amino-terminal 25% NSl (nucleotides 419—2725) was 
ligated to the Xho l to BamH I fragment from YF18 generating 
YF47; Oligonucleotide SP46 (SEQ ID NO:36) and SP47 (SEQ ID " 

2 5 NO: 37) are as follows: 

Hindlll 

SP4 6 5»- AGCTT CTCGAGCATCGATTACT atg TCTGGTCGTAAAGCTCAGGGA 
SP47 3'- A GAGCTCGTAGCTAATGA TAG AGACCAGCATTTCGAGTCCCT 

3 0 AAAACCCTGGGCGTCAATATGGT -3 • 

TTTTGGGACCCGCAGTTATACCA -5 » 

Construction of Vaccinia Recombinants 

Procedures for transfection of recombinant donor 
plasmids into tissue culture cells infected with a rescuing 
3 5 vaccinia virus and identification of recombinants by host 

range selection and in situ hybridization on nitrocellulose 
filters have been described (Perkus et al, , 1989). YF18, 
YF23; YF20, YF19 and YF47 were transfected into host range 
mutant vP293 (Perlcus et al. 1989) infected cells to generate 
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the vaccinia recombinants vP725, vP729, vP764, vP766 and 
VP869. VP457 containing a host range gene restored in the 
VP293 background has been described (Perkus et al., 1989). * 
In Vitro Infection and Radiolabelina 
5 Vero cell monolayers were infected with vaccinia 

virus for 1 hr. (m.o.i, - 10) bjsfore radiolabeling. After 
the absorption period the inoculum was removed and infected 
cells were overlaid. with Met-free media (MEM) containing 
2puCi/ml ^^S-Met and 2% dialyzed FBS • All Vsainples were 

10 harvested at 8 hr post infection. 

HeLa cell monolayers were infected with vaccinia 
virus (m.o.i. == 2) or YF17D (m.o.i, = 4) before 
radiolabeling. At 38 hr post infection for YF17D or 16 hr 
post infection for vaccinia, cells were pulsed labeled with 

15 medium containing ^^S-Het and. chased for 6 hr in the 
presence of excess unlabeled Met. 

Radioimmunoprecipitations and Polvacrvlamide Gel 
Electrophoresis 

Radiolabeled cell lysates and culture fluids were 

2 0 harvested and the viral proteins were immunoprecipitated 

with monoclonal antibodies .to YF E and NSl and separated in 

. SDS-containing polyacrylamide gels exactly as described by 

Mason (1989) . 

Animal Protection Experiments 

25, Groups of 3 week old mice were immunized by 

intraperitoneal injection with lO'' pfu of vaccinia virtus or 
100 jLil of a 10% suspension of suckling mouse brain 
containing YF17D. Three weeks later sera were collect:ed 
from selected mice. Mice were then either re-inoculaiied 

30 with the recombinant virus or yF17D, or challenged by i.e. 
injection of. the French Neurotropic strain of YFV. Ttiree 
weeks later the boosted animals were re-bled and challenged 
with the French Neurotropic strain of YFV. Following, 
challenge, mice were observed at daily intervals for three 

35 weeks, and lethal dose titrations were performed in each 

experiment using litter mates of the experimental animals. 
In addition, sera were collected from all surviving animals 
4 weeks after challenge. 
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Evaluation of immune Response t p the .kag^TubiBant Vaee^nS, 

Sera were tested for their ability to precipitate 
radiolabeled. YFV proteins from detergent-treated cell 
5 lysates as described by Mason et al. (1991). Neutralization 
tests were performed as described by Mason et al. (I99i) 
except human sera was not added to the virus/ antibody 
dilutions. Hemagglutination tests and hemagglutinin- 
inhibition (HAD tests were performed as described by Mason 
10 et al. (1991) . 

Structure of Reeo mbipan-b VaegiTt-i.a Virnsea 

Five different vaccinia virus recombinants that 
expressed portions of the YF coding region extending from C 
through NS2B were constructed utilizing a host range 

15 selection system (Perkus et al., 1989). The YF- cDNA 

sequences contained in these recombinants are shown in- FIG. 
19. In all five recombinant viruses the sense strand of YF 
CDNA was positioned behind the vaccinia virus early/ late H6 
promoter, and translation was expected to be initiated from 

2 0 Met codons located at the 5- ends of the viral cDNA 
sequences (FIG. 19) . . 

Recombinant vP725 encoded the putative 17-aa 
signal sequence preceding the N terminus of the 
nonstructural protein NSr and the nonstructural proteins NSl 
25 and NS2A (Rice et al. , 1985). Recombinant vP729 encoded the 
putative 19-aa signal sequence preceding the N terminus of 
E, E, NSl, NS2A and NS2B (Rice et al. , 1985). Recombinant 
VP754 encoded C, prM, E, NSl, NS2A and NS2B (Rice et al. , 
1985). Recombinant vP766 encoded C, prM, E, NSl and NS2A 
(Rice et al., 1985). Recombinant vPS69 encoded the putative 
21-aa signal sequence preceding the N terminus of the. 
structural protein precursor prM, prM E, NSl and NS2A (Rice 
et al. , 1985) . 

E Protein Expression Bv R e combinant Vaeeinia ^r^^n^« 

Pulse-chase experiments in HeLa cells demonstrated 
that a protein identical in size to YF17D E was synthesized 
in cells infected with vP869 and secreted into the culture 
fluid (Table 7) . Under the same conditions of labeling, no 
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intracellular . or extracellular E was detected in cultures 
infected with VP766, vP729 or the controi vaccinia virus 
VP457 (Table 7) . 

Continuous label experiments in Vero cells 
5 demonstrated that a protein identical in size to the E 
protein expressed by vP8 69- was expressed in cultures • 
infected with vP766 and vP729 (Table 7) • These results 
suggest that the E protein produced by vP869 infected cells 
is present in a form in which it is more stable than the E 
10 protein expressed by vP766 or vP729. yF17D has previously 
been shown to produce a more labile E protein than other YF 
isolates (Cane et al. 1989). 

The extracellular fluid harvested from cells 
infected with vP8 6 9 contained an HA activity that was not . 
15 detected in the culture fluid of vP766/ vP729, vP725, or 

VP457 infected cells (Table 7). This HA' appeared similar to" 
the HA produced in YF17D infected cells based on its pH 
optimum, ^ . . 

NSl Protein Expression By Reeom hinant Vaccinia Virus 
20 , The results of pulse-chase experiments in HeLa 

cells demonstrated that - proteins identical in size to 
authentic YF17D NSl were synthesized in cells infected with 
VP725, VP766, and vP729 (Table 7), however, the amounts 
synthesized greatly varied • NSl produced by vP725 and vP729 

2 5 infected cells was released into the culture fluid of 

•infected cells in a higher molecular weight form similar to 
NSl secreted by YF17D infected cells. vP766 infected cells 
did not::secrete NSl, however, the level of intracellular NSl 
was lowest with this recombinant (Table 7) . The failure of 
30 yP869 to synthesize NSl is due to the deletion of a base 
(nucleotide 2962) in the donor plasmid (yF47) used to 
generate this recombinant. 
Protection From Lethal YF Challenge 

In an initial experiment vP4 57, vP764, and vP8 69 

3 5 were compared with YF17D in their ability to protect mice 

from a lethal challenge with the French Neurotropic stirain 
of YFV (Table 8, Experiment I). vP869 provided significant 
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protection whereas vP7 64' offered 'no better protection than 
the control vaccinia virus vP457, 

A second protection experiment was performed 
comparing the ability of vP869, vP7 66, vP725, vP729, and 
5 VP4 57 to YF17D to protect mice against lethal challenge with 
French Neurotropic strain YFV (Table 8, Experiment II). 
Mice receiving either "one or two inoculations or vP869 were 
protected from challenge, none of the other recombinants 
were protective after either one or two inoculations. 

10 Furthermore, the levels of protection achieved in the vP869- 
inoculated mice were equivalent to those achieved by- 
immunization with YF17D. Pre-challenge sera pooled from 
selected animals in each group were tested for their ability 
to immunoprecipitate radiolabeled E and NSl proteins and for 

15 the presence of Neut and HAI antibodies. As shown in Table 
9 only VP869 and YF17D immunized mice responded to E • 
protein, the response was increased by a second inoculation. 
Mice immunized twice with vP729, vP725 or vP7 66 produced 
antibody to NSl. High levels of Neut (Table 10) and HAI 

2 0 antibodies (Table 11) were present in vP869 inoculated mice, 
but not in mice inoculated with any of the other 
recombinants, confirming the results of the 

immunoprecipitation analysis and suggesting that tlaese high 

levels of antibody are required for protection. 

2 5 Table 7. Characterization of proteins expressed by vaccinia 
recombinants and YF17D 



17D VP869 VP729 VP725 VP766 VP457 



YF Proteins 
Expressed 














Intracellular 


E,NS1 


E 


E,NS1 


NSl 


E,NS1 


NONE 


Secreted 


E,NS1 


E 


NSl 


NSl 


NONE 


NONE 


Extracellular 
HA Activity 


YES 


YES 


NO 


NO 


NO 


NO 
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Table 8. Protection of mice from, lethal YF challenge' 
Experiment I 



Experiment IT 



Recom±>inant 


Survival/ total 


[ VP457 


2/10 1 


1 VP764 


2/10 1 


I VP869- 


9/10 1 


1 YFITD 


5/10 [ 



15 



20 



25- 



30 



Recombinant 


Survival / total 

single 
immunization* 


double 
immunization'* 


. VP457 


■ 0/16 


1/14 


VP725 


0/14 


2/16 1 


VP729 


0/16 


2/13 


VP766 . 


0/14 


0/14 


VPS 6 9 


8/15 


15/16 


YF17D - 


10/13 


16/16 



1 nn^n ^^^^ 1°' P^^ vaccinia recombinant 

or lOO/il of a 10% suspension of suckling mouse brain 
containing YF17D and challenged three weeks later ic with 
220 LDjg French Neurotropic strain YFV. 

"mice were inoculated twice three weeks apart ip with 10^ 
pfu y.accinia recombinant or 100/xl of a 10% suspension of 
suckling mouse brain containing YF17D and challenged three 
weeks later ic with 3 6 LD50 French Neurotropic strain YFV. 
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Table 9- Pre-challenge Radio iumunoprecipitat ion 

Immunizing Virus One Inoculation ' Two Inoculations 

Anti-E Anti-NSl Anti-E Anti-NSl 



10 



VP457 
VP725 
VP729 
VP766 
-VP 86 9 
17D 



+ 



15 



20 



25 



30 



35 



Table 10. Plaque reduction neutralization titers in 
prechallenge sera 



Immunizing Virus^ 


One 
Inoculation'^ 


Two 

Inoculations^ 


VP4 5 7 Group I . 
VP4 57 Group II 


<1: 10 
<i: 10 


<l:10 


VP7 2 5 Group I 
VP725 Group II 


<1: 10 
<1: 10 


<l:10 


VP72 9 Group I 
VP7 2 9 Group II 


<l:10 
<l:10 


<l: 10 


VP7 6 6 Group I 
VP7 6 6 Group" II 


<1:10 
<1:10 


<l:10 . 


VPS 6 9 Group I 
VP8 6 9 Group II 


1:40 
1:80 


. 1:160 


17D Group I 
17D Group II 


1:80 
l: 160 


1:640 



Virus used for immunization. Group I indicates animals 
challenged three weeks following a single inoculation. 
Group II indicates animals challenged following two 
inoculations . 

^serum dilution yielding 90% reduction in plaque nuimber. 
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Table 11. HAI antibody .titers in prechallenge sera 



Immunizing 
Virus' 


One 

Inoculation'' 


TWO 

Inoculations'* 


VP457 
VP457 


Group 
Group 


I 

II 


<l: 10 
<1:10 


<1:10 


VP7 25 
VP7 25 


Group 
Group 


I 

II 


<1:10 
<1:10 


<1 : 10 


VP729 
VP729 


Group 
Group 


I 

II 


<l:10 
<1:10 


<1:10 


VP766 
VP766 


Group , 
Group 


I 

II 


<1:10 
<l:10 


<i:10 


VP869 
VPS 69 


Group 
Group 


I 

II 


1:80 
1:80 


1: 320 


17D 
17D 


Group 
Group 


I 

II 


1:80 
1:40 


1:1280 



^virus used for immunization. Group I indicates animals 
challenged ■ three weeks following a single inoculation. 

2 0 Group II indicates animals challenged following two 

inoculations. 

^serum dilution. 

25 Example 12 - CLONING OF YF GENES INTO A NYVAC DONOR PIiASMXD 
A Xho l to Sma l fragment from yF47 (nucleotides 
419-4180) containing YF cDNA encoding 21 amino acids C, prM, 
E, NSl, NS2A (with a base missing in NSl nucleotide 2 962) 
was iigated to Xho l- Sma l digested SPHA-H6 (HA region donor 

3 0 plasmid) generating YF48. YF48 was digested with Sad 

(nucleotide 2490) and partially digested with Asp 7l8 
(nucleotide 3262) and* a 6700 bp fragment isolated 
(containing the plasmid origin of replication, vaccinia 
sequences, 21 amino acids C, prM, E,. amino-terminal 3.5% 

35 NSl, carboxy-terminal 23% NSl, NS2A) and Iigated to a Sad - 
Asp 718 fragment from YF18 (containing the remainder of NSl 
with the base at 2 9 62) generating YF51, The 6 bp 
corresponding to the unique Xho l site in YF51 were removed 
using oligonucleotide-directed double-strand break 

40 mutagenesis (Mandecki, 1986) creating YF50 encoding YF 21 
amino acids C, prM, E, NSl, NS2A in the HA locus donor 
piasmid. YF50 was transfected into vP866 (NYVAC) infected 
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cells generating the recombinant vP984 (FIG* 19). YE50 was 
transfected into vP913 infected cells (NYVAC-MV) generating 
the recombinant vP1002 (FIG. 19). 

The 6 bp corresponding to the unique Xho l site in 
5 YF48 were removed using oligonucleotide-directed double- 
strand break mutagenesis creating YF49. - Oligonucleotide- 
directed mutagenesis (Kunkel, 1985) was used to insert a 
Sma l site at the carboxy-terminus of E (nucleotide 2452) in 
YF4 creating YF16. An Aoal-Smal fragment of YF49 

10 (containing the plasmid origin of replication, vaccinia 

sequences and YF cDNA encoding 21 amino acids C, prM, and 
amino-terminal 43% E) was ligated to an Anal -Smal fragment 
from YF16 (nucleotides 1604-2452 containing the carboxy- 
terminal 57% E) generating YF53 containing 21 amino acids C, 

15 - prM, E in the HA locus donor plasmid. YF5 3 was. tiransf acted 

• into VP866. (NYVAC). infected cells generating the recombinant 

VP1003 (FIG. 19) . YF53 was transfected into vP913 infected 

cells (_NYVAC-MV) generating the recombinant vP997 (FIG. 19) . 

Example 13 - CLONIKG OF DENGUE TYPE 1 HTTP A VACCINIA VIRUS 
20 DONOR PLASMID 

The DEN cDNAs used to construct the DEN vaccinia 
' recombinants were derived from a Western Pacific strain of ' 
DEN-l (Mason et al . , 1987b). Nucleotide coordinates 1-3745 
are presented in that publication. FIG. 20 (SEQ ID NO:53) 

25 presents the sequence of nucleotides 33 92 to 6117. 

Plasmid DENl containing DEN cDNA encoding the 
carboxy-terminal 84% NSl and amino-terminal 45% NS2A 
(nucleotides 2559-3745, Mason et al. , 1987B) was derived by 
cloning an Eco RI- Xba l fragment of DEN cDNA (nucleotides 

30 2579-3740) and annealed oligonucleotides DENl (SEQ ID NO:38) 
and DEN2 (SEQ ID NO: 39) (containing a Xba l sticky end, 
translation te^rmination codon, T5AT vaccinia virus early 
transcription termination signal Yuen et al. (1987)^ Eagi 
site and Hin dlll sticky end) into Hindlll-EcoRI digested 

35 pUC8. An EcoRI-Hindlll fragment from DENl (nucleotides 

2559-3745) and SacI-EcoRI fragment of DEN cDNA encoding the 
carboxy-terminal 3 6% of E and amino-terminal 16% NSl 
(nucleotides 1447-2559, Mason et al. , 1987B) were ligated to 
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-Hindlli-sacl' digested IBI24 (International Biotechnologies, 
Inc., New. Haven, CT) generating- DEN3 encoding the carboxy-' 
terminal 64% E through amino-tenninal 45% NS2A with a base 
missing in NSl (nucleotide 2467). 

Hindlll-Xbal digested IBI2 4 was ligated to 
annealed oligonucleotides DEN9 (SEQ ID NO:40) and DENIO (SEQ 
ID- NOMl) [containing a Hindlll sticky end, Smal site, DEN 
nucleotides 377-428 (Mason et al. , 1987B) and Xbal sticky 
end] generating SPD910. SPD910 was digested with SacI 
(within IBI24) and Aval (within DEN at nucleotide 423) and 
•ligated to an Aval-SacI fragment of DEN cDNA (nucleotides 
424-1447 Mason et al., 1987B) generating DEN4 encoding the 
carboxy-terininal 11 aa C, prM and amino-terminal 36% E. 

Plasmid DENS containing DEN cDNA encoding the 
15 carboxy-terminal .64% E and amino-terminal 18% NSl 

(nucleotides 1447-2579 with nucleotide 2467 present Mason et 
al., 1987B) was derived by cloning a Sacl-Xhol fragment of 
DEN CDNA into IBI25 (International Biotechnologies, Inc 
New Haven, CT) . Plasmid DEN15 containing DEN cDNA encoding 
20 51 bases of the DEN 5' untranslated region, C, prM and 

amino-terminal 36% E was derived by cloning a HindlXI-Saci 
fragment of DEN cDNA (nucleotides 20-1447, Mason et al 
1987B) into Hindlll-saci digested IBI25. Plasmid DEN23 ' 
containing DEN cDNA encoding the carboxy-terminal 55% NS2A 
25 and amino-terminal 28% NS2B (nucleotides 3745-4213, FIG. 20) 
(SEQ ID no: 53) was derived by cloning a' Xbal -^i fragment 
of DEN CDNA into Xbal-Sfihl digested IBI25. ' Plasmid DEN20 
containing DEN cDNA encoding the carboxy-terminal 55% NS2A, 
NS2B and amino-terminal 24 amino acids NS3 (nucleotides 
30 3745-4563, FIG. 20) (SEQ ID NO:53) was derived by cloning a 
Xbal to EcoRi fragment of DEN cDNA into Xbal-EcoRi digested 
IBI2-5. 

. Oligonucleotide-directed mutagenesis (Kunkel, ' 
1985) was used to change potential vaccinia virus ear-ly 
transcription termination signals (Yuen et al., 1937) in the 
prM gene in DEN4 29 aa from the carboxy-terminus 
(nucleotides 822-828- TTTTTCT to TATTTCT) and 13 aa from the 
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cartoxy-terminus (nucleotides . S70-875 TTTTTAT to TATTTAT, 

creating plasmid DEN47, and In the NSl gene in DEN6 17 aa 
. Zor. tJ Lino-ter»inus (nucleotides a«S-2454 TTT^TCT to. 

TATTTGT) creating plasmid DEN7. 
5 oligonucleotide-direoted mutagenesis described 

, above was used to insert an S^l and EcoRI site at ^he 

carboxY-terminus of NS2A (nucleotide 4102) in plasmxd DEH23 
. .^^ creating DEN24, to insert a S^I sit. and ATG 15 , aa fr=» the 
carboxy-terminus of E in DEN7 (nucleotide 2348) creating 
10 DENIO, to insert an Eaal and Hindlll site at the oarboxy- 

termi^us Of NS2B (nucleotide 44.2) in plas-id nEK20 creating 
plas^id DEH21, and to replace nucleotides 60-67 in plasmid 
ls.^S Wit. part Of the vaccinia virus early/ late H6 propter 
(positions -1 to -21, Perlcus et al. , 1989) creating DEN16 
15 (containing DEH nucleotides 20-59, S£oRV. site to -1 of the 
H6- promoter and DEN nucleotides 68-1447). 

A saaI-2S2l fragment from DEH7 (nucleotides 1447- 
2579) was substituted for the corresponding region in DEN3 
generating DEN19 containing DEH cDNA encoding the carboxy- 
20 terminal 64% E and amino-terminal 45% HS2A (nucleotides 
1447-3745) with nucleotide 2467 present and the modified 
transcription termination signal (nucleotides 2443-2454) A 

Kliel-Xteal fragment from DEH19 = 
Xbal-Hindlll fragment from DEH24 (Xfeal nucleotide 3745 DEN 
25 through HiBdIII in IBI25) were ligated to aShoI-Hincilll 

digested IEI25 creating DEN25 containing DEH cDNA encoding 
the carboxy-terminal 82% NSl, NS2A and amino-termmal 28« 
NS2B (nucleotides 2579-4213) with a Mgl site at 4102, 
. nucleotide 2467 present and mutagenized transcription 
30 termination signal (nucleotides 2448-2454). The Shal-26al 
fragment from DEN19 (nucleotides 2579-3745) was ligated to 
^1 (Within XBX25) and (DEN nucleotide 3745) digested 

DEN21 creating DEH22 encoding the carboxy-terminal 82. HSl, 
NS2A NS2B and amino-terminal 24 aa HS3 (nucleotides 2579- 
35 4564 with nucleotide 2467 present, modified transcription 
termination signal (nucleotides 2448-2454)- and Eaal site at 
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A Hindlll-PstI- fragment of DEN16 (nucleotides 2^0- 
59, EcoRV site to -1* of the H6 promoter and DEN nucleotides 
68-494) was ligated to a Hindlll- Pst I fragment from DEN47 
(encoding the carboxy-terminal 83% prM and amino-terminal 
5 3 6% of E nucleotides 494-1447 and plasmid origin of 

replication) generating DEN17 encoding C, prM and amino- 
terminal 36% E with part of the- H6 ■ promoter and Eco RV site 
preceding the amino-terminus of C. A Hin dlll- Bal ll fragment 
from DEN17 encoding the carboxy-terminal 13 aa C, prM and 
10 amino-terminal 36% E (nucleotides 370-1447) was ligated to 
annealed oligonucleotides SPlll and SP112 (containing a ■ 
disabled Hindlll sticky end, Eco RV site to -1 of the H6 
promoter, and DEN nucleotides 350-369 with a Bgl ll sticky 
end) creating DEN33 encoding the Eco RV site to -1 of the H6 
15 promoter, carboxy-terminal 20 aa C, prM and amino-terminal 
36% E. ' ' 

Sma l- EacT i digested pTP15 (Mason et al., 1991) was 
ligated to a Smal-SacI fragment from DEN4 encoding the 
carboxy-terminal 11 aa C, prM and amino-terminal - 3 6% E 
20 (nucleotides 377-1447) and Sac l- Eaa l fragment from DEN3 

encoding the carboxy-terminal. 64% E, NSl and amino-terminal' 
• "45% NS2A generating DENL.- The Sac l- Xho l fragment from DEN7 
encoding the carboxy-terminal 64% E.and amino-terminal 18% 
NSl (nucleotides 1447-2579) was ligated to a BstEII-SacI 
25 fragment from DEN47 (encoding the carboxy-terminal 5 5% prM 
and amino-terminal 36% E (nucleotides 631-1447) and a 
Bst EII- Xho I fragment .from DENL (containing the carboxy- 
terminal 11 aa C, amino-terminal 45% prM, carboxy-terminal 
82% NSl, carboxy-terminal 45% NS2A, origin of replication 
30 and vaccinia sequences) generating DEN8 • A unique Sma l site 
(located between the H6 promoter and ATG) was removeci using 
oligonucleotide-directed double-strand break mutagenesis 
(Mandecki, 1986) creating DEN8VC in which the H6 promoter ' 
immediately preceded the ATG start codon. 
3 5 An EcoRV^SacI fragment from DEN17 (positions -21 

to -1 H6 promoter DEN nucleotides 68-1447) encoding C, prM 
and amino-terminal 3 6% E) was ligated to an Eco RV - Sad 
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fragment of DEN8VC (containing vaccinia sequences^ H6 
promoter from -21 to -124, origin of replication and amino- 
terminal 64% NSl^ amino-terminal 45% NS2A nucleotides 
1447-3 74 5) generating DENIS. A Xho l- Eaa l fragment from 
5 DEN25 encoding the carboicy-terminal 82% NSl and NS2A 

(nucleotides 2579-4102) was ligated to an Xho I- Eaa l fragment 
of. DENIS '(containing the origin of replication, vaccinia 
sequences and DEN C prM, E and* amino-terminal 18% NSl 
nucleotides 68-2579) generating DEN26. An EcoRV-SacI 
10 fragment from DEN8VC (positions -21 to -1 H6 promoter DEN 

nucleotides 377-1447 encoding llaaC, prM and amino-terminal 

3 6% E) was ligated to an EcoRV-SacI fragment of DEN2 6 
(containing the origin of replication, vaccinia sequences 
and DEN region encoding the carbbxy-terminal 64% NSl and 

15 NS2A with a base missing in NSl at nucleotide 2894) 

generating DEN32, DEN32 was transfected into vP4 10 infected 
cells to generate the recombinant vP867 (FIG, 21) . 

A Sacl-Xhol fragment from DENIO (nucleotides 1447- 
2 579) was substituted for the corresponding region in DEN3 

20 . generating DENll containing DEN cDNA encoding the carboxy- 
terminal 64% E, NSl and amino-terminal 45% NS2A with a Smal 
site and ATG 15 aa from the carboxy-terminus of E. A Sma l- 
Eag l fragment from DENll (encoding the carboxy-terxninal 15 
aa E, NSl. and amino-terminal 45% NS2A nucleotides 2348-3745) 

25 was ligated to Sma l- Eaa l digested -pTP15 generating DEN12 - 

A Xho I- Eaa l fragment from DEN22 (nucleotides 2579- 

4 492) was ligated to the Xho l- Eacr l fragment from DENIS 
described above generating DEN27. An Eco RV- Pst I f fragment 
from DEN12 (positions -21 to -1 H6 promoter DEN nucleotides 

30 2348-3447 encoding 15aaE, NSl) was ligated to an Eco RV- Pst I 
fragment from .DEN27 (containing the origin of replication, 
vaccinia sequences, H6 promoter -21 to -124 and DEN cDNA 
encoding NS2A and NS2B) generating DEN31. 

An Eco RV- Xho I fragment from DEN8VC (positions -21 

35 to -1 H6 promoter DEN nucleotides 377-2579 encoding the 

carboxy-terminal 11 aa C, prM E, amino-terminal 18% NSl) was 
ligated to an Eco RV- Xho I fragment from DEN31 (containing the 
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Eco RV/ Ecl XI digested pT15 (Guo et al. , 198S) generating 
plasmid DEN38. ' Plasmid DEN38 can be transfected into 
vaccinia infected cells to generate a recombinant encoding 
DEN 2 0 aaC, prM and E. 
5 Example 14 - CONSTRUCTION OF ALVAC RECOMBINANT Eg PRSSSING 

JEV PROTEINS 

This example describes the development of 
canarypox recombinant vCP107 encoding JEV l5aaC, prM, E, 
NSl, NS2A. and a canarypox donor plasmid (JEVCPC5) encoding 

10 15aaC, prM, E. 

cells and Viruses 

The parental canarypox virus (Rentschler strain) 
is a vaccinal strain for canaries. The vaccine strain was 
obtained from a wild type isolate and attenuated through 

15 more than 200. serial passages on chick embryo fibroblasts. 
A master viral seed was- subjected to four successive plaque, 
purifications under agar and one plaque clone was amplified 
through five additional passages after which the stock virus 
was used as the parental virus in in vitro recombination 

20 tests. The plaque purified canarypox isolate is designated 
ALVAC. 

Construction of Canarypox Insertion Vector 

An 88 0 bp canarypox Pvu II fragment was cloned 
between the Pvu II sites of pUC'9 to form pRW764.5. The 

25 sequence of this fragment is shown in FIG. 22 (SEQ ID N0:90) 
between positions li372 and 2251. The limits of an open 
reading frame designated as C5 were defined. It was 
determined that the open, reading frame was initiated at 
position 1537 . within the fragment and terminated at position 

30 18 57 • The C5 deletion was made without interruption of open 
reading frames. Bases from position 1538 through position 
183 6 were replaced with the sequence 

GCTTCCCGGGAATTCTAGCTAGCTAGTTT. This replacement sequence 
contains Hindlll^ Sma l and EcoRI insertion sites . followed by 
3 5 translation stops and a transcription termination signal 

recognized by vaccinia virus RNA polymerase (Yuen et al., ' 
1987) . Deletion of the C5 ORF was performed as described 
below (FIG. 23). Plasmid pRW764.5 was partially cut with 
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Rsal and the linear product was isolated. The Rsa l linear 
fragment was recut with Baill and the .pRW7«4 . 5 f ragment now 
with a Rsal to Bal-II deletion from position 1527 to position 
183 2 was isolated and used as a vector for the following 
5 synthetic oligonucleotides: 
RW145 (SEQ ID NO: 60): 

ACTCTCAAAAGCTTCCCGGGAATTCTAGCTAGCTAGTTTTTATAAA 
RW14 6 (SEQ ID NO: 61) .: 

GATCTTTATAAAAACTAGCTAGCTAGAATTCCCGGGAAGCTTTTGAGAGT 
10 Oligonucleotides RW145 (SEQ ID NO: 60) and RW146 (SEQ ID 

NO: 61) were annealed and inserted into the pRW 764.5 Rsa l 
and Balll vector described above. The resulting plasmid is 
designated pRW831. 

Construction of Insertion Vector Containing JE V iSaaC, orM, 
15 E, NSl. NS2A ' ' 

Construction of pRW8 3 8 is illustrated below (FIG. 
23). Oligonucleotides A through E, which overlap the 
translation initiation codon of the H6 promoter with the ATG 
of rabies G, were cloned into pUC9 as pRW737. 
20 Oligonucleotides A through E contain the H6 promoter, 
starting at Nrul, through the Ilindlll site of rabies G 
followed by Bjalll . Sequences of oligonucleoties A through E 



25 



are: 

A (SEQ ID . NO: 62): CTGAAATTATTTCATTATCGCGATATCCGTTAAGTTT 

GTATCGTAATGGTTCCTCAGGCTCTCCTGTTTGT 

B (SEQ ID NO: 63): CATTACGATACAAACTTAACGGATATCGCGATAATGAAAT 

AATTTCAG 

3 0 C (SEQ ID NO: 64): ACCCCTTCTGGTTTTTCCGTTGTGTTTTGGGAAATT 

CCCTATTTACACGATCCCAGACAAGCTTAGATCTCAG 



35 



D (SEQ ID NO: 65): CTGAGATCTAAGCTTGTCTGGGATCGTGTAAATAGGGAAT 

TTCCCAAAACA 

E (SEQ ID NO: 66): CAACGGAAAAACCAGAAGGGGTACAAACAGGAGAGCCTGA 

GGAAC 
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. origin of replication, vaccinia sequences and DEN cDNA 
encoding the carboxy-terminal 82% NS.l, NS2A, NS2B with the 
base in NSl at 2894) generating DEN35. DEN35 was 
transfected into vP410 infected cells generating the 
5 recombinant vP955 (FIG, 21) . An EcoRV-SacI fragment from 
DEN3 3 (positions -21 to -1 H6 promoter DEN nucleotides 350- 
144 7 encoding the carboxy-terminal 2 0 aa C, prM and amino- 
terminal 3 6% E) and a Sac l- Xho l fragment from DEN32 
(encoding the carboxy-terminal 64% E and amind-terminal 18% 

10 NSl nucleotides " 1447-2579) were ligated to the Eco RV- Sac I 

fragment from DEN31 described above generating DEN34. DEN34 
was transfected into vP410 infected cells generating the 
recombinant vP962 (FIG. 21) . Oligonucleotides DEN 1 (SEQ ID 
NO:38), DEN 2 (SEQ ID NO:39), DEN9 (SEQ ID N0:40), DENIO 

15 (SEQ I'D NO:41), SPll (SEQ ID NO:42), and SP112 (SEQ ID 
NO: 43) are as follows: 

DENl 5»- CTAGA tga TTTTTAT CGGCCG A -3' 
DEN2 3 ' - T ACT AAAAATA GCCGGC TTCGA -5 ' 

Xba l Eaa l Hin dlll 

20 

DEN9 5' AGCTT CCCGGG atg CTCCTCATGCTGCTGCCC 
DENIO- 3 ' A GGGCCC TAG GAGGAGTACGACGACGGG 

Hindlll Sma l 

2 5 ■■ ACAGCCCTGGCGTTCCATCTGACCACCCGAG T ' -3 ' 

TGTCGGGACCGCAAGGTAGACTGGTGGGCTC AGATC -5' 

Ava l Xba l 

-24 H6 -1 

3 0 SPlll 5» AGCT GATATCCGTTAAGTTTGTATCGTA atg AACAGGAGG 

SP112 3 ' A CTATAGGCAATTCAAACATAGCAT TAG TTGTCCTCC 

• Hin dlll EcoRV 

AAA A -3 • 
35 TTT TCTAG-5 ' 

Bglll 

Immune Response to the Recombinant Vaccin'ia Viruses 

Groups of 3 week old mice were inoculated ip with 
40 10^ pfu vaccinia' recombinants vP962, vP955, vP867,-vP4S2 

(vaccinia control) or 100 /xl of a 10% suspension of suckling 
• mouse brain containing dengue type l Hawaii strain. Three 
weeks later sera were collected. One group of mice was re- 
inoculated and sera were collected 4 weeks later. Sera were 
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assayed for HAI antibodies as described by Mason , et al, 
(1991) . . - ' - 

Table 12 shows that mice immunized twice with 
VP962 developed high levels of HAI aintibodies, levels were 
equivalent to those obtained in animals immunized twice with 
Dengue type 1 Hawaii strain. 
Table 12 . HAI antibody titers • 

Virus One Immunization Two Immunizations 



VP452 <1:10 <1:10 

VP962 1: 10 1: 80 

VP955 <1:10 <1:10 

15 VP867 <1:10 1:10 

DEN-1 1:40 1:80 

Construction of Vaccinia Insertion Vector Containing DEN 
Type 1 2 0aaC^ prM, S 

20 A 338bp fragment encoding the carboxy-terminal 23% 

E (nucleotides 2055-2392, Mason et al., 1987b) TGA stop 
codon T5NT vaccinia early transcription termination signal 
. (Yuen et al., 19 87) and Ecl XI and BamHI sites was derived by 
PGR (Engelke et al. , 1988) using plasmid DEN7 as template 

25 and oligonucleotides (SEQ ID N0:58/SEQ ID NO:59) 

'SP122 5 » -GTGAAAAAGCTTTGAAACTAAGCTGGTTC-3 * 

Hin d III 

and SP13 0 5 ' -TCG GGATCCCGGCCGA TAAAAATCACGCCTGAACCAT'GAgTgnTAar: 
3 0 BamH I EclXI 

TAC-3 ' 

The PGR fragment was digested with Hindlll (DEN niacleotide 
2 062, Mason et al., 1987b) and Bam HI (follows the TGA, and 

35 T5NT and EclXI site) and cloned into Hindlll/ BamH r digested 
IBI2 5 generating DEN3 6. DEN3 4 was digested with EcoRV 
(within the H6 promoter) and Hin dlll within E (DEN 
nucleotide 2061; Mason et al. , 1987b) and a 1733bp fragment 
(containing Eco RV to -1 H6 promoter, 20 aaC, prM and amino- 

40 terminal 77% E) was isolated. DEN36 was digested with 

Hindlll and EclXI and a 331 bp fragment isolated C containing 
DEN nucleotides 2062-2392 TGA T5NT Ecl XI sticky end) . The 
1733 bp fragment and 331 bp fragment were ligated to • 
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The diagram of annealed oligonucleotides- A through E is as 
follows: 



B . ■ E D 

Oligonucleotides A through E were kinased, 
annealed (gS'C for 5 minutes, then cooled to room 
temperature), and inserted between the Pvull sites of pUC9. 
10 The resulting plasmid, pRW737, was cut with Hindlll and 
Bglll and used as a vector for the 1.6 kbp Hindlll-BolII 
fragment of ptgl55PR0 (Kieny et al. , 1984) generating 
PRW739. The ptgl55PRO Ilindlll site is 86 bp downstream of 
the rabies G translation initiation codon. Bal li is 
15 downstream of the rabies G translation stop codon in 

ptgl55PRO. pRW739 was partially cut with Nru l . completely . 
cut with. BolII, and a 1.7 kbp Nru l- Bal li fragment, 
containing the 3 • end of the H6 promoter previously 
described (Taylor et al., 1988a, b; Guo et al., 1989; Perkus 
20 et al., 1989) through the entire rabies G gene," was inserted 
between the Nrul and\SamHI sites of pRW824. The resulting 
plasmid is designated pRW832. Insertion into pRW824 added 
the H6 promoter 5' of Nrul. The pRW8 2 4 Sequence of BajtiHI . 
followed by Smal is: GGATCCCCGGG. pRW824 is a plasmid that 
25 contains a nonpertinent gene linked precisely to the 

vaccinia virus H6 promoter. Digestion with Nru l and BamH I 
completely excised this nonpertinent gene. The 1.8 kbp 
pRW832 Smal fragment, containing H6 promoted rabies G, was 
■inserted into the Sma l of pRW83l, to form plasmid pRW83S. 
20 pRW8 3 8 was digested at the 3' end of the rabies 

glycoprotein gene with EcoRl filled in with the Klenow 
fragment of DNA polymerase I digested within the H6 promoter 
with EcoRV, and. treated with alkaline phosphatase and a. 3 202 
bp fragment containing the 5' 103 bp of the H6 promoter, 
35 plasmid origin of replication and C5 flanking arms isolated. 
Plasmid JEVL14VC containing JEV cDNA encoding 15 amino acids 
C, prM, E, NSl, NS2A in a vaccinia virus donor plasmid (FIG. 
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1) (nucleotides 337-4125,.- FIG. 17A and B) (SEQ ID NO:52) was 

digested with EcoR V in the H6 promoter and Sad in JEV 

sequences (nucleotide 2124) and a 18 09 bp fragment isolated. 

JEVL14VC was digested with Ecl XI at the Eacr l site following 

5 the T5AT, filled in with the Klenow fragment of DNA 

polymerase I and digested with Sad in JEV sequences 

(nucleotide 2124) generating a 2011 bp fragment. The 1809 

bp EcoRV-SacI, 2011 bp Sacl-filled Ecl XI and 3202 bp Ecp RV 

filled EcoRI fragments were ligated generating JEVCPl.. 

10 JEVCPl was transfected into ALVAC infected primary CEF cells 

to 'generate the canarypox recombinant vCP107 encoding 15 

amino acids prM, E, NSl, NS2A (FIG. 18). 

Construction of CS Insisrtion Vector Containing JEV ISaac, 
prMr E 

15 -A C5 insertion vector containing 1535 bp upstream 

of C5,, polylinker containing Kpn I/ Sma l/ Xba l and Not I sites 
and 4 04 bp of canarypox DNA (31 base pairs of C5 coding 
sequence and 473 bp of downstream sequence) was derived in 
the following manner, A genomic library of canarypox DNA 

20 was constructed in the cosmid vector puK102 (Knauf et al. , 
1982) probed with pRW764.5 and a clone containing a 29 kb 
insert identified (pHCOSl) . A 3.3 kb Clal fragment from 
pHCOSl containing the C5 region was identified. Sequence 
analysis of the Cla l fragment was used to extend the 

25 sequence in FIG. 22 (SEQ ID NO: 90) from nucleotides 1-1372. 

The new C5 insertion vector was constructed in two 
steps. The 1535 bp upstream sequence was generated by PGR ' 
amplification (Engelke et al. , 1988) using oligonucleotides 
C5A (SEQ ID NO: 67) ( 5 ' -ATCATCGAATTCTGAATGTTAAATGTTATACTTTG- 

30 3*) and C5B (SEQ ID NO: 68) ( 5 ' -GGGGGTACCTTTGAGAGTACCACTTCAG- 
3 * ) and purified genomic canarypox DNA as template. This 
fragment was digested with Eco RI (within oligoCSA) and 
cloned into EcoRI/ Smal digested pUC8 generating CSIxAB. The 
404 bp arm was generated by PGR amplification using' 

3 5 oligonucleotides C5C (SEQ ID NO: 69) ( 5 ' -GGGTCTAGAGCGGCCGCT 
TATAAAGATCTAAAATGCATAATTTC-3 ' ) and C5DA (SEQ ID NO: 70) (5'- 
ATCATCCTGCAGGTATTCTAAACTAGGAATAGATG-3 « . This fragment was 
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digested with Psti (within oligo C5DA) 'and cloned into • 

Sma l/ Pst l digested C5LAB generating pC5L. 

pC5L was digested within the polylinker with 

Asd718 and Not I . treated with alkaline phosphatase, and 

5 ligated to kinased and annealed oligonucleotides CP26 (SEQ 

ID N0:71) and CP27 (SEQ ID NO:72) (containing a disabled 

Ase718 site, translation stop codons in six reading frames, 

vaccinia early transcription termination signal (Yuen and 

Moss, 1987), BamHI KonI Xho l Xba l Clal and Smal restriction 

10 sites, vaccinia early transcription termination signal, 

translation stop codons in six reading' frames, and a 

disabled Not I site) generating plasmid C5LSP. The 

early/late H6 vaccinia virus promoter (Guo et al., 1989; 

Perkus et al., 198 9) was derived by PGR (Engelke et al., 

15 1988) using. pRW824 as template and oligonucleotides CP3 0 

( SEQ ID NO : 7 3 ) ( 5 ' -TCGGGATCCGGGTTAATTAATTAGTCATCAGGCAGGGCG- 

3') and CP31 (SEQ ID NO: 72) (5 • -TAGCTCGAGGGTACCTACGATACAAAC 

TTAACGGATATCG-3 • ) . The PGR product was digested with Bam HI 

and Xho l (sites present at the 5 » end of GP3 0 (SEQ ID NO: 75) 

2 0 and GP31 (SEQ ID. NO: 74), respectively) and ligated to BamH I- 

Xho l digested C5LSP generating VQH6C5LSP. GP26 (SEQ ID 

N0:71) and GP27 (SEQ ID NO:72) are as follows: 

CP 2 6 5-^ -GTAGGTGACTAATTAGCTATAAAAAGGATCCGGTACCGTGGAG 
CP2 7 3'- CAGTGATTAATCGATATTTTTCCTAGGGCATGGGAGCTC 
2 5 BamHI Kpn l Xho l 

TGTAGAATCGATCCCGGGTTTTTATGACTAGTTAATCAG -3 • 

AGATCTTAGCTAGGGCCCAAAAATAGTGATCAATTAGTGGGGG-5 • 

Xba l Cla l Sma l 

2 0 Plasmid JEV3 6 was digested within the. H6 pr-omoter 

with EcoRV and within JEV sequences with Sph I (nucleotide 
2380) and a 2 06 5 bp fragment isolated. Plasmid VQH6C5LSP 
was digested within the H6 promoter with Eco RV and wi^thin 
the polylinker with Xbal and ligated to the 2 065 bp fragment 

35 plus annealed oligonucleotides SP131 (SEQ ID NO: 75) a.nd 
SP132 (SEQ ID NO:76) (containing a Soh l sticky end, V 
nucleotide completing the E coding region, translation stop, 
a vaccinia early transcription termination signal (AT SAT ; 
Yuen and Moss, 1987), a second translation stop, and Xbal 
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sticky end) generating plasmid JEVCP5 which encodes 15 amino 

acids C, prM and E under the control of the H6 promoter - 

between C5 flanking arms. JEVCP5 can be transfected in 

ALVAC or ALVAC recombinant infected cells to generate a 

5 recombinant encoding JEV 15 aa prM and E. 

SP13i (SEQ ID NO: 75) 5»- C- T te a, tttttat tga T . -3' 
SP13 2 (SEQ ID NO: 7 6) 3 ' --GTACG A ACT AAAAATA .ACT AGATC-5 • 

Sph I Xbal 

10 Example 15 - CONSTRUCTION OF AIiVAC RECOMBINA NT EXPRESSING 

YPV PROTEINS 

construction of Canarypox Insertion Vector 

An 8,5kb canarypox Bal ll fragment was cloned in 

15 the Bam Hl site of pBS-SK plasmid vector to form pWW5 . 
Nucleotide sequence analysis revealed a reading frame 
designated C3 initialed at position 1458 and terminated at 
position 2897 in the sequence in FIG. 24A-C (SEQ ID NO:83), 
In order to construct a donor plasmid for insertion of 

2 0 foreign genes into the C3 locus, with the complete excision 
of the C3 open reading frame, PGR primers were used to 
amplify the 5» and 3' sequences relative to C3. Primers for 
the 5' sequence were RG277 (SEQ ID N0:77) ( 5 • -CAGTTGGTACCACT 
GGTATTTTATTTCAG-3 ' ) and RG278 (SEQ ID NO:78) (5 ' -TATCTGAATT 

2 5 CCTGCAGCCCGGGTTTTTATAGCTAATTAGTCAAATGTGAGTTAATATTAG-3 • ) . 

Primers for the 3' sequences were RG279 (SEQ ID 
NO : 7 9 ) ( 5 ' TCGCTGAATTCGATATCAAGCTTATCGATTTTTATGACTAGTTAATC 
AAATAAAAAGCATACAAGC-3 ' ) and RG280 (SEQ ID NO: 80) (5'-TTAT . 
CGAGCTCTGTAACATCAGTATCTAAC-3 ' ) . The primers were designed 

3 0 to include a multiple cloning site flanked by vaccinia 

transcriptional and translational termination signals. Also 
included at the 5 » -end and 3 •-end of the left arm and right 
arm were appropriate restriction sites r Asp 718 and EcoRI for 
left arm and Eco RI and Sad for right arm) which enabled the. 

3 5 two arms to ligate into Asp 718/ 5ac l digested pBS-SK plasmid 

vector. The resultant plasmid was designated as pC3I. 

A 9 08 bp fragment of canarypox DNA, immediately 
upstream of the C3 locus, (nucleotides 537-1444, FIG. 24A-C 
(SEQ ID NO: 83)) was obtained by digestion of plasmid pWW5 

4 0 with Nsi l and Sso l. A 604 bp fragment of canarypox and DNA 
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.. (r rleotides 1-604-, FIG. 24.A-C (SEQ ID NO:83)) was derived 
by PGR (Engelke et al. , 1988.) using plasmid pWWS as template 
and oligonucleotides CP15 (SEQ ID NO: 81) (5'- 

TCCGGTACCGCGGCCGCAGATATTTGTTAGCTTCTGC-S* ) and CP17 (SEQ ID 
5 NO ; 8 2 ) ( 5 ' -TCGCTCGAGTAGGATACCTACCTACTACCTACG-3 • ) . The 604 
bp fragment was digested with Asp 718 and Xho l (sites , present 
. at the 5' ends of oligonucleotides CP16 and CP17, 
respectively) and cloned into As£7l8-XhoI digested and 
alkaline phosphatase treated IBI25 (International 
O • Biotechnologies, Inc., New Haven, CT) generating plasmid 
SPC3LA. SPCSLA was digested within IBI25 with EcoRV and 
within canarypox DNA with Nsil, (nucleotide 53 6, FIG. 24A-C 
(SEQ ID NO: 83)) and ligated to the 908 bp Nsi l-Sspl fragment 
generating SPCPIAX which contains 1444 bp of canarypox DNA 
5 upstream of the C3 locus. 

■ A 217 8 bp Bal ll-Stvl fragment of canarypox DNA 
(nucleotides 3035-5212, FIG- 24A-C (SEQ ID NO: 83)) was 
isolated from plasmids pXX4 (which contains a 6.5 kb Nsi l 
fragment of canarypox DNA cloned into the Pst i site of pBS- 
3 SK. A 279- bp fragment of canarypox DNA (nucleotides 5 194- 
5472, FIG. 24A-C SEQ ID NO:83)) was isolated by PGR (Engelke 
et al., 1988) using plasmid pXX4 as template and 
.oligonucleotides CP19 (SEQ ID NO:-84) ..(5'- 

TCGCTCGAGCTTTCTTGACAATAACATAG-3 • ) and. CP2 0 (SEQ ID NO: S5) 
5 ( 5 • -TAGGAGCTCTTTATACTACTGGGTTACAAC-3 • ) . The 279 bp fragment 
was digested with Xho l and Sad (sites present at the 5' 
ends of oligonucleotides CP19 and CP2 0, respectively) and 
cloned into Sacl-Xhol digested and alkaline phosphatase 
treated IBI25 generating plasmid SPC3RA. 

To add additional unique sites to the polylinker, 
pC3I was digested within the polylinker' region with Eco RI- 
and Clal, treated with alkaline phosphatase and ligated to 
kinased and annealed oligonucleotides CP12 (SEQ ID NO:S6) 
and CP13 (SEQ ID N0:87) (containing an EcoRI sticky end, 
Xhol site, BamHI -site and a sticky end compatible with Clai) 
generating plasmid SPCP3S. SPCP3S was digested within the 
canarypox sequences downstream of the C3 locus with stv l 
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(nucleotide 3 035) and. Sad " (pBS-SK) and ligated to a 2*6 1 bp 
Bal ll- Sac I fragment f roiti. SPC3RA (nucleotides 5212-5472, FIG. 
24A-C (SEQ ID- NO: 83)) and the 2178 bp Bal ll- Stv l fragment 
from pXX4 (nucleotides 3035-5212, FIG. 24A-C (SEQ ID NO:83)) 
5 generating plasmid CPRAL containing 2572 bp of canarypox DNA 
downstream, of the C3 locus".. SPCP3S was digested within the 
canarypox sequences upstream of the C3.. locus with Aso718 (in 
pBS-SK) and AccI (nucleotide 1435) and ligated to a 1436 bp 
Asd718-AccI fragment from SPCPLAX generating plasmid CPLAL 

10 containing 14 57 bp of canarypox DNA upstream of the C3 

locus. CPLAL was digested within the canarypox sequences 
downstream of the C3 locus with Sty I (nucleotide 3 035) and 
Sad (in pBS-SK) and ligated to a 2438 bp Sty l- Sac I fragment 
from CPRAL generating plasmid CP3L containing 1457 bp of 

15 canarypox DNA upstream of the C3 locus, stop codons in six 
- reading frames, early transcription termination signal, a 
poly linker region, early transcription termination signal, 
stop codons in six reading frames, and 2572 bp of canarypox 
DNA downstream of the C3 locus. 

2 0 The early/ late H6 vaccinia virus promoter (Guo et 

al-, 1989; Perkus et al. , 1989) was derived by PGR (Engelke 
et al . , 1988) using pRW838 as template and oligonucleotides 
CP21 (SEQ ID N0:88) (5«-TCGGGATCCGGGTTAATTAATTAGTTATTAGACAAG 
GTG-3 ' ) and CP2 2 (SEQ IDNO:89) ( 5 « -TAGGAATTCCTCGAGTACGATACA 
25 AACTTAAGCGGATATCG-3 ' ) • The PGR product was digested with 
BamHI and . Eco RI (sites present' at the 5* ends of 
oligonucleotides CP21 and Cp22, respectively) and ligated to 
CP3L that was digested with Bam HI and EcoRI in the 
polylinker generating plasmid VQH6CP3L. 

3 0 CP 12 (SEQ ID NO: 85) 5 ' -AATTCCTCGAGGGATCC . -3* 

CP13 (SEQ ID NO:86) 3»- GGAGCTCCCTAGGGC-5 • 

Eco RI Xho l BamHI . 

ALVAC donor plasmid VQH6CP3L was digested within 
35 the polylinker with Xho l and Sma l and ligated to a 3772 bp 
Xho l- Sma l fragment from YF51 (nucleotides 419-4180 encoding 
YF 21 amino acids C, prM, E, NSl, NS2A) generating YF52. 
The 6 ■ bp corresponding to the unique Xho l site in UP52 were 
removed using oligonucleotide-directed double-strand break 
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mutagenesis (Mandecki, 1986) creating YFCP3 . YFCP3 was 
transf acted into ALVAC infected primary CEF cells' to 
generate the canarypox recombinant vCP127 encoding 21 aa C, 
prM, E, NSl, NS2A (FIG* 19), 
5 Construction of C3 Insertion Vector Containing YFV 21 aa C> 
prM# E 

YP52 was digested with Sma l at the 3 * end of the 
YF cDNA and Ana l (YF nucleotide 1604), a 8344 bp fragment 
isolated (containing the plasmid origin of replication, 

10 canarypox DNA and YF cDNA encoding 21 amino acids prM, 
and amino-terminal 57% E) and ligated to a Apa l to Smal 
fragment from YF16 (nucleotides 1604-2452 containing the 
car boxy- terminal 43% E) generating YF54. The 6 bp 
corresponding to the unique Xho l site in YF54 were removed 

15 as described above creating YFCP4 containing YF cDNA 
encoding 21 amino acids C, prM, and E. YFCP4 can -be 
transfected into ALVAC or ALVAC recombinant infected cells 
to generate a recombinant encoding YFV 21 aa C, prM, E. 
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A recombinant poxvirus , • 

VP65 0, VP555, VP658, vP583 vPS^T ^ ^^^^^ 

VPS 64, 

2° VP1003. ' ^P984, VP997, VP1O02 or 

10- A recombinant DovvTr.,,^ 

VP867, vP955.or VP962. ^^^^^^"3 as an Claim 9 which is 

5 • 

11- A recombinant doxvit-mc, , • 

th. poxvirus is canarypox virL " ' • 

is vcPxo, . " ■ * poxvirus as i„ clai„ ^, 

t.. Po..iru"-is'oa^°::::r:LT^"^ ^ ciai„ , „,_i„ 

14. A recombinant poxvirus ,• , 
is VCP127. poxvirus as m claim 13 whiich 

protein. capaJe o/L.^itrCL^T'"^ ^ ^"^ " 
hemaggiutination-inhib,,.,-„ "="*rali2ing antibodies, 
^-„it. against - -tecti.e 
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1. . recoBhinam: pc^cvirus as in Claim " «l>«r=in 
i = . vaccinia virus or a canarypox virus . 
..e P-----%rcr^Ln. po>..irus as in ciai. X5 w.ere.n 
... .xavivlrus is .apanase encep.aXi.is virus, yeiXow *ever 

5 virus or Dengue virus. ^„„+-ainina therein DNA 

n a A recombinant poxvxrus containing . 

, .o. .Xativi^^ in a ^^^^^^^^Z^ 

— Trofrair. rtn iSraLxuXar «e.iu.. , 

protein capable of release . • ^ m claim 18 wherein 

no A recombinant poxvirus as in claim x 

"° . Japanese encephalitis virus, yellow. fever 

the flavivirus is Japanese en*- f 

virus or Dengue virus. « in claim 19 wherein 

2 0 A recombinant poxvirus as in claim ± 

...a OK. c;n.ains r rs:r:r arp^^^^^ H. 

^= ::rc::::iTr:^^^^^^^^^ trrs^^urai proteins .S. ana 

NS2A. - ■ ' claim 19 wherein 

on A recombinant poxvirus as in claim ± 

-i. a vaccinia virus or- a canarypox virus. 
..e poxvirus - ^ ^ poxvirus containing therein ONA 

" ..om .lavl;irus in a nonessential region of - P^^^^^^^^ 

^^Aryn a narticle containing flavivirus. 
genome for expressing a parricx „ 
, +.«-ir, P and structural protein M. 
s«u«ura P"^^--^^ .3 clai. wherein 

..a fiavivirus is .apanesa encep.ali.is virus, .eiicw .ever . 
Virus - ,.„i..s as in cXai. 23 wherein 

.aid OH. =;n.ains Japanese «. 
-t-via-f encode a precursor to struc-tutax f 
30 ::rurraxTo.:ln K,. ana nons«u=.urai pr=.ains .Si ana 

25 ^ recombinant poxvirus as in Claim 23 Wherein 

=. vsccinia virus or a canarypox virus. 
..e poxvirus ^ ^^^^ .^.nological 

nse in a host animal inoculated with said vaccine, said 
35 response m a hos recombinant poxvirus as 

vaccine comprising a carrier 

claimed in claim 1. 
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27. 



LO 



A vaccine for inducing an immunological 
.response in a host animal inoculated with said vaccine, said 
vaccine comprising a carrier and a recombinant poxvirus as 
claimed in claim 15. 

28. A vaccine. for inducing an immunological 
response in a host animal inoculated with said vaccine, said 
vaccine comprising a carrier and a recombinant poxvirus as 
claimed in claim is. 

29. A vaccine for inducing an immunological 
response in a host animal inoculated with said vaccine, said 
vaccine comprising a carrier and a recombinant poxvirus as 
claimed in claim 22. 
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Figure :7A 



1 ATGACTAAAA AACCAGGAGG GCCCGGTAAA AACCGGGCTA TCAATATGCT GAAACGCGj'T 
61 TTACCCCGCG TATTCCCACT AGTGGGAGTG AAGAGGGTAG TGATGAGCTT GTTGGACf^.:jC 
121 AGAGGGCCAG TftCGTTTCGT GCTGGCTCTT ATCACGTTCT TCAAGTTTAC AGCATTAGCC 
181 CCGACCAAGG CGCTTTTAGG CCGATGGAAA' GCAGTGGAAA AGAGTGTGGC AATGAAAf^;? 
241 CTTACTAGTT TCAAACGAGA ACTCGGAACA CTCATTGACG CCGTGAACAA GCGGGGC-GC 
301 AAGCAAAACA AAAGAGGAGG AAATGAAGGC TCAATCATGT GGCTCGCGAG CTTGGCAG^T 
361 GTCATAGCCT GCGCAGGAGC CATGAAGTTG TCAAATTTCC AGGGGAAGCT TTTGATGACC 
421 GTCAACAACA CGGACATTGC AGACGTTATC GTGATTCCCA CCTCAAAAGG AGAGAACAGA 
481 TGTTGGGTCC GGGCAATCGA CGTCGGCTAC ATGTGTGAGG ACAC^ATCAC GTACGAATGT 
541 CCTAAGCTCA CCATGGGCAA JGATCCAGAG GACGTGGACT GTTGGTGTGA CAACCAAGAA 
601 GTCTACGTCC AATATGGACG GTGCACGCGG ACCAGGCATT CCAAGCGAAG CAGGAGATCC 
661. GTGTCGGTCC AAACACATGG GGAGAGTTCA CTAGTGAATA AAAAAGAGGC TTGGCTGGAT 
721 TCAACGAAAG CCACACGATA CCTC.ATGAAA ACTGAGAACT GGATCG'AAG GAATCCTGGC 
781 TATGCTTTCC TGGCGGCGAT ACTTGGCTGG ATGCTTGGCA* GTAACAACGG "^CAACGCGTG 
841 GTATTCACCA TCCTCCTGCT GTTGGTCGCT CCGGCTTACA GTTTCAACTG TCTGGGAATG 
901 GGCAATCGTG ACTTCATAGA AGGAGCCAGT GGAGCCACTT GGGTGGACTT GGTGC^AGAA 
961 GGAGACAGCT GCTTGACAAT TATGGCAAAC GACAAACCAA CATTGGACG"^ CCGCATGATC 
1021 AACATCGAAG CTGTCCAACT TGCTGAGGTC AGAAGTTACT GCTATCATGC TTCAGTCACT 
1081 GACATTTCGA CGGTGGCTCG GTGCCCCACG ' ACTGGAGAAG CTCACAACGA GAAGCGAGCT 
1141 GATAGTAGCT ATGTGTGCAA ACAAGGCTTC ACTGATCGTG GGTGGGGCAA CGGATGTGGA 
1201 CTTTTCGGGA AGGGAAGCAT TGACACATGT GCAAAATTCT CCTGCACCAG TAAGGCGATT 
1261 GGGAGAACAA TCCAGCCAGA AAACATCAAA TACGAAGTTG GCATTTTTGT GCATGGAAfX 
1321 ACCACTTCGG AAAACCATGG GAATTATTCA GCGCAAGTTG GGGCGTCCCA GGCGGCAAAr^ 
1381 TTTACAGTAA CACCCAATGC TCCTTCGATA ACCCTTAAAC TTGGTGAC^A CGGAGAAGTC 
144 1 ACACTGGACT GTGAGCCAAG GAGTGGACTA AACACTGAAG CGTTTTACGT CATGACCGTG 
1501 GGGTCAAAGT CATTTTTGGT CCACAGGGAA TGGTTTCATG ATCTCGC"^CT CCCTTGGACG 
1561 CCCCCTTCGA GCACAGCGTG GAGAAACAGA GAACTCCTCA TGGAATTTGA AGAGGCGCAC 
1621 GCCACAAAAC AGTCCGTTGT TGCTCTTGGG TCACAGGAAG GAGGCCTCCA tcagGCGTTG 
1681 GCAGGAGCCA TCGTGGTGGA GTACTCAAGC TCAGTGAAGT TAACATCAGG CCACCTAA^^A 
1741 TGCAGGCTGA AAATGGACAA .ACTGGCTCTG AAAGGCACAA CCTATGGCAT GTGCACACAA 
1801 AAATTCTCGT TCGCGAAAAA TCCGGCGGAC ACTGGTCACG GAACAGTTGT CATTGAACTT 
1861 TCCTACTCTG GGAGTGATGG CCCTTGCAAA ATTCCGATTG TCTCCGTTGC GAGCCTCAAT 
1921 GACATGACCC CCGTCGGGCG GCTGGTGACA GTGAACCCCT TCGTCGCGAC TTCCAGCGCC 
1981 AACTCAAAGG TGCTAGTCGA GATGGAACCC " CCCTTCGGAG ACTCCTACAT CGTAGTTGGA 
204 1 AGGGGAGACA AGCAGATTAA CCACCATTGG CACAAGGCTG GAAGCACGCT GGGCAAAGCC 
2101 TTTTCAACGA CTTTGAAGGG AGCTCAAAGA CTGGCAGCGT TGGGCGACAC AGCCTGGGAC 
2161 TTTGGCTCTA TTGGAGGGGT TTTCAAGTCC ATAGGGAAAG CCGTTCACCA AGTGTTTGGT 
2221 GGTGCCTTCA GAACACTCTT CGGGGGAATG TCTTGGATCA CACAAGGGCT AATGGGGGCC 
2281 CTACTACTCT GGATGGGCGT TAACGCACGA GACCGATCAA TTGCTTTGGC CTTCTTAGCC 
2341 ACAGGAGGTG TGCTCGTGTT CTTAGCGACC AATGTGCATG CTGACACTGG ATGTGCCATT 
2401 GACATCACAA GAAAAGAGAT GAGGTGTGGA AGTGGCATCT TCGTGCACAA CGACGTGGAA 
2461 GCCTGGGTGG ATAGGTATAA ATATTTGCCA GAAACGCCCA GATCCCTGGCT GAAGATCGTC 
2521 CACAAAGCGC ACAAGGAAGG CGTGTGCGGA GTCAGATCTG TCACCAGACT GGAGCACCAA 
2531 ATGTGGGAAG CCGTACGGGA CGAATTGAAC GTCCTACTCA AAGAGAACGC AGTGGACCTC 
264 1 AGCGTGGTGG TGAACAAGCC CGTGGGGAGA TATCGCTCAG CCCCTAAACG CCTATCCATG 
2701 ACGCAAGAGA AGTTTGAAAT" GGGCTGGAAA GCATGGGGAA AAAGCATTCT CTATGCCCCG 
2761 GAATTGGCTA ACTCCACATT TGTCGTAGAT GGACCTGAGA CAAAGGAATG CCCTGATGAta 
2821 CACAGAGCTT GGAACAGCAT GCAAATCGAA GACTTCGGCT TTGGCATCAC ATCAACCCGT 
2881 GTGTGGCTGA AGATCAGAGA GGAGAGCACT GACGAGTGTG ATGGAGCGAT CATAGGCACG 
2941 GCTGTCAAAG GACATGTGGC AGTCCATAGT GACTTGTCGT ACTGGATTGA GAGTCGCTAr 
3001 AACGACACAT 6GAAACTTGA GAGGGCAGTC TTTGGAGAGG FCAAATCTTG CACTTGGCrA 
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Figucs 17B 



3061 GAGACACACA CCCTTTGGGG AGATGGTGTT GAGGAAAGTG AACTCATCAT TCCGCATt^^ 

3121 ATAGCCGGAC CAAAAAGCAA GCACAATCGG AGGGAAGGGT ATAAGACACA AAACCAGGGA 

3181 CCCTGGGACG 'aGAATGGTAT AGTCT7GGAC TTTGATTATT GCCCAGGGAC AAAAGTCACC 

3241 ATTACAGAGG ATTGTGGCAA GAGAGGCCCT TCGGTCAG.AA CCACTACTGA CAGTGGAACG 

3301 TTGATCACTG ACTGGGTCTG TCGCAGTTGC TCCCTTCCGC CCCTACGATT CCGGACAGA- 

3361 AATGGCTGCT GGTACGGAAT GGAAATCAGA CCTGTCAGGC ATGATGAAAC AACACTCGT: 

3421 AGATCACAGG TTGATGCTTT TAATGGTGAA ATGGTTGACC CTTTTCAGCT GGGCCTTCTG 

5481 GTGATGTTTC TGGCCACCCA GGAGGTCCTT CGCAAGAGG.T GGACGGCCAG ATTGACTAT" 

3541 CCCGCGGTTT TGGGGGCCCT ACTTGTGCTG ATGCTTGGGG GCATCACTTA CACTGATTTG 

3601 GCGAGGTATG TGGTGCTAGT CGCTGCTGCT TTCGCAGAAG CCAACAGTGG AGGAGACGTC 

3661 CTGCACCTTG CTTTGATTGC CGTTTTTAAG ATCCAACCAG CATTTCTAGT GATGAACCTG 

3721 CTTAGCACGA GATGGACGAA CCAAGAAAAC GTGGTTCTGG TCCTAGGGGC TGCCTTTTTT 

3781 CAATTAGCCT CAGTAGATCT GCAAATAGGA GTCCACGGAA TCCTGAATGC CGCC3C-ATA 

3841 GCATGGATGA TTGTCCGAGC GATCACTTTC CCCACAACCT CCTCCGTCAC CATGCCAGTT. 

3901 TTAGCGCTTC TAACTCCGGG AATGAGGGCT CTATACCTAG ACACTTACAG AATCA'CCTC 

3-961 CTCGTCATAG GGATTTGCTC CCTGCTGCAA ' GAGAGGAAAA AGACCATGGC AAAAAAGAAA 

4021 GGAGCTGTAC TCTTGGGCTT AGCGCTCACA TCCACTGGAT GGTTCTC6CC CACCACTATA 

4081 GCTGCCGGAC TAATGGTCTG CAACCCAAAC AAGAAGAGAG GGTGGCCAGC TACTGAGTTT 

4141 TTGTCGGCAG TTGGATTGAT GTTTGCCATC GTAGGTGGTT TGGCCGAGTT GGATATTGAA 

4201 TCCATGTCAA TACCCTTCAT GCTGGCAGGT CTTATGGCAG TG-CCTACGT GGTGTCAGGA 

4261 AAAGCAACAG ATATGTGGCT TGAACGGGCC, GCCGACATCA GCTGGGAGAT GGATGCTGCA 

43-^1 ATCACAGGAA GCAGTCGGAG GCTGGATGTG AAGCTGGATG ATGACGGAGA TTTTCACTTG 

4381 ATTGATGATC CCGGTGTTCC ATGGAAGGTC TGGGTCTTGC GCATGTCTTG CATTGGCTTA 

4441 GCCGCCCTGA CGCCTTGGGC CATTGTTCCC " GCCGCTTTTG GTT^^TTGGCT CACTTTAAAA. 

4501 ACAACAAAAA GA 
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FIGURE 19 
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Figure 20 

3332 AGATCTTGCA CGTTACCCCC CCTACGTTTC AAAGGAGAAG ACGGGTGCTG GTACGG.? ^t.-; 
3392 GAAATCAGAC CAGTCAAGGA GAAGGAAGAG AACCTAGTTA AGTCAATGGT CTCTGCAGGG 
3452 TCAGGAGAAG TGGACAGTTT TTCACTAGGA * CTGCTATGCA TATCAATAAT GATCGAAGA(, 
3512 GTAAT.GAGAT CCAGATGGAG CAGAAAAATG CTGATGACTG GAACATTGGC "^GTGT'^'rC TC 
3572 CTTCTCACAA TGGGACAATT GACATGGAAT GATCTGATCA GGCTATGTAT CATGGTTGGr. 
3632 GCCAACGCTT CAGACAAGAT GGGGATGGGA ACAACGTACC TAGCTTTGAT GGCCACTTTc 
3692 AGAATGAGAC CAATGTTCGC AGTCGGGCTA CTGTTTCGCA GATTAACATC TAGAr.AAGTT 
3752, CTTCTTCTTA CAGTTGGATT GAGTCTGGTG GCATCTGTAG AACTACCAAA TTCCTTAr:iAG 
3B12 GAGCtAGGGG ATGGACTTGC AATGGGCATC ATGAtGTTGA AATTACTGAC TGATTTTCAf. 
3872 TCACATCAGC TATGGGCTAC CTTGCTGTCT TTAACATTTG TCAAAACAAC TTTTJCATTG 
3932 CACTATGCAT GGAAGACAAT GGCTATGATA CTGTCAATTG TATCTCTCTT CCCTTTATQr 
3992 CTGTCCACGA CTTCTCAAAA AACAACATGG CTTCCGGTGT TGCTGGGATC TCTT ^-IG ATGC 
4052 -AAACCACTAA CCATGTTTCT TATAACAGAA AACAAAATCT GGGGAAGGAA AA.rCTGGCCT 
-4112 CTCAATGAAG GAATTATGGC TGTTGGAATA GTTAGCATTC TTCTAAGTT:: AC TTC TC A^-G 
4172 AATGATGTGC CACTAGCTGG CCCACTAATA GCTGGAGGCA TGCTAATAGC ATGTT A r-.^Tr 
4232 ATACCTGGAA GCTCGGCCGA TTTATCACTG GAGAAAGCGG CTGAGGTCTC CTGG.CA<c,ga^-- 
4292 GAAGCAGAAC ACTCTGGTGC CTCACACAAC ATACTAGTGG AGGTCCAAGA TGA-GGA^rr 
4352 ATGAAGATAA AGGATGAAGA GAGAGATGAC ACACTCACCA TTCTCCTCAA -^GZ^^CTCIG 
4412 CTAGCAATCT CAGGGGTATA CCCAATGTCA ATACCGGCGA CCCTCTTTGT GT-liG"" A^JT 
4472 TGGCAGAAAA AAAAACAGAG ATCAGGAGTG CTATGGGACA CACCCAGCf C TCCA:' A^i'.TG 
4532 GAAAGAGCAG TCCTTGATGA TGGCATTTAT AGAATTCTCC AAAGAGGA'^T ^TTrtGrCAGv. 
4592 TCTCAAGTAG GAGTAGGAGT TTTTCAAGAA GGCGTGTTCC ACACAA-'oTG /.CAC:-;: ^ r apc 
4652 AGGGGAGCTG TCCTCATGTA CCAAGGGAAG AGACTGGAAC CAAGTTGGGC .j:aGTGTTAA- 
4712 AAAGACTTGA TCTCATATGG AGGAGGTTGG AGGTTTCAAG GATCCT'.nGAA CGCG ^GAr-'-^i:. 
4772 GAAGTGCAGG TGATTGCTGT TGAACCGGGG AAGAACCCCA AAAhTGThCA G AC AGT -CT G 
4832 GGTACCTTCA AGACCCCTGA AGGCGAAGTT GGAGCCATAG CTCTAGAC^'^ j c^c^lt -rcG^-^ 
4892 ACATCTGGAT CTCCTATCGT GAACAGAGAG GGAAAAATAG TAGGTCTTTA TGGA A ".-AG- 
4952 GTGGTGACAA CAAGTGGTAC CTACGTCAGT GCCATAGCTC AAGCTAAAGC ATAr A ACAA 
5012 GGGCCTCTAC CAGAGATTGA GGACGAGGTG TTTAGGAAAA GAAACTTAA:: AA7AATr:GA'* 
5172 CTACATCCAG GATCGGGAAA AACAAGAAGA TACCTTCCAG CCATAGTCCG TCAGiicCAT:. 
5132 AAAAGAAAGC TGCGCACGCT AGTCTTAGCT CCCACAAGAG TTGTCGCT-C TGAAA"GG::a 
5192 GAGGCGCTCA AGGGAATGCC AATAAGGTAT CAGACAACAG CAGTGAAGAG TGA'^CA.\Ar-:n 
5252 GGAAAGGAGA TAGTTGACCT TATGTGTCAC GCCACTTTCA CTATGCGTCT CCTGTrTCCT 
5312 GTGAGAGTTC CCAATTATAA TATGATTATC ATGGATGAAG CACATTTCAC rGATCCACCC 
5372 AGCATAGCAG CCAGAGGGTA TATCTCAACC CGAGTGGGTA TGGGTGAAGC AGCTGCGATT 
5432 TTCATGACAG CCACTCCCCC CGGATCGGTG GAGGCCTTTC CACAGAGCAA TGCAGTTATC 
5492 CAAGATGAGG AAAGAGACAT TCCTGAAAGA TCATGGAACT CAGGCTATG A . CTGGA APT 
5552 GATTTCCCAG GTAAAACAGT CTGGTTTGTT CCAAGCATCA AATCAGGAAA TGArATj.T^no 
5612 AACTGTTTAA GAAAGAATGG GAAACGGGTG GTCCAATTGA GCAGAAAAAC TTTTi^ACAr.T 
5672 GAGTACCAGA AAACAAAAAA TAACGACTGG GACTATGTTG TCACAACAGA CATAICCCA^ 
5732 ATGGGAGCAA ACTTCCGAGC CGACAGGGTA ATAGACCCGA GGCGGTGCCT GAAACCG*; 
5792 ATACTAAAAG ATGGCCCAGA GCGTGTCATT CTAGCCGGAC CGATGCCAGT GACTGTGTA:: 
5852 GCCGCCCAGA GGAGAGGAAG AATTGGAAGG AACCAAAATA AGGAAGGCGA TCAGTAT.^fT 
5912 TACATGGGAC AGCCTCTAAA CAATGATGAG GACCACGCCC ATTGGACAGA AGCAAAAATC 
5972 CTCCTTGACA ACATAAACAC ACCAGAAGGG. ATTATCCCAG pCCTCTTTGA GCCGGAGA-.^A 
6032 GAAAAGAGTG CAGCAATAGA CGGGGAATAC AGIaCTACGGG GTGAAGCGAG GAAAAr.GTT?. 
6092 GTGGAGCTCA TGAGAAGAGG -AGATCT 
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1 TCXATCTTAA ATCTTATACT TTCCATCAAG CTATXAATXT CCATTTCAAA AAT AAT CCAT 
61 rrAAACAAAC CATTCAAATX CTXCAAAACC TAAGC CATAA TATCTTAACT W^CCTTAI-Tw 
121 rrAAKACCC TTTAAATATA CACAAAXAAA CATAATTTTT C TATAA CCTA ^fJ^^JJ^S 
181 AAAACATAAA AA7AA7AAAA CCAAATCTAA TATCSTAATT ATTTTACTCA CCJ^J^f^ 
341 TAAATATTTA TATCACSTCT ATATCTATAC TCTTATCCTA TA CiLi liAC AATTAC7ATT 
301 ACCAATATCC AACACATAAT AACATTACCT ATTTAACACA AtCTTCTCAT CATAATTCwvj 
Sil TACCACAXAC TOATAAATOC TATTTCCCAT CCriACATAA ACTCACTTCG AAACATCGAT 
421 TTCACACATC TAACTTAAXA OCTCCAAAAA TCTTAAATAA CACCATTCTA ^^^f^AGATA 
4C1 CCATACCACT. TATATTATAC AAAAATCACT CC7TMATAA AACACATTCT CCAATATTCC 
S41 TAAAACATCA ACArTACTCC GAATTrCTAA ACTATCACAA TAAAAAGCCA rrrATCTCAA 
fiOl CCACATCC7Q TAATTCrTCC ATCTrrTATC TATCTCTTTC ACATATTATa ACATTACTAT 

•CI AAACTrrrro tatacttata ttccctaaac taxattaatc atcaacaaaa tcaaaaacta 

721 TAOAAGCTCT TCACCAGCCO II^I I G AAAA CAACAAAATT AIACATTCAA G ATgOCT TAC 
.- 781 ATATACCTCr CTGAGGCTAT CATCGATAAT GACAATCCAT CTCTAAATAC CTTTTTGCXC 
841 AATGGAT7CG ACCCTAACAC CCAATATGCT ACTCTACAAT CTCCTCTTCA AATCCC7CTA 
♦ 01 ATGTTCAACA ATACCCAGGC TAXAAAAATC TTCATCAGGT ATCCAGCTAX ACCTCTACTT 
961 ACrCAATGCA CAACTTCT7G TCTCCATGAT GCCGTC77GA CAGACCACTA CAAAATAGTC 
1021 AAACATCTGT TGAAGAATAA CTATCTAAAC AATGrTCm ACAGCCGACC C7TTACTCCT 
1081 TTCTCTTTCG CAGCTTACCr TAACAAACTT AATT7GCTTA AACTTCTATT GGCTCATTCC 
* 1141 GCCCATCTAG ATATTTCAAA CACCCATCGG TTAACTCCTC TACATATACC CCTATCAAAT 
1201 AAAAATTTAA CAATGGTTAA ACTXCTArrC AACAAAGG7G CTCATACTCA CT7CCTCCAT 
1261 AACATGGGAC CTACTCCrTT AATCATCCCT CTACAATCTG CAAAXATTCA AAXAXCTAOC 
1321 ACACXACrXA AAAAAAAXAA AAXGXCCACA ACXGGGAAAA AXXCAXCTTG CCAGCTSTAA 
1381 TTCATKTAC AAAAGAAGXG CXCAGGCTAC XX7XCAACAA ACGACCACAX CXAAACXACA 
1441 TCrrXGAAAG AAAXCCAAAA XCAXAXACTG XTXXGGAAXX CAXTAAAGAA AGXXACXCXG 
1501 ACACACAAAA CAGGXAGCTG AAGXGGXACT CTCAAAATGC ACAACCAXCA CXGCCAAGCA 
1561 AGAAG7ACAG AAAXAACACX TXAXGACrTT CTTACTTCTA GAAAAGAXAG AGAXAXAATC 
1621 AXGCTCAXAA AXAACXCTGA XAXTGCAAG7 AAA7GCAA7A A7AACT7AGA X7TAXX7AAA 
1681 AOGA7AC77A AAAA7ACAAA AAAAGAGTXA A77TC7ACGG 7TAAAA7AAX ACAXAAGATC 
1741 7TAAAA777A 7AAA7ACGCA XAAXAA7AAA AA7ACAT7AX ACT7AXTACC XTCACAGATA 
1801 AAAXX7AAGA XArTTACTTA XXXAACTTAX AAAGA7C7AA AA7CCA7AAX XrCXAAA7AA 
1861 7GAAAAAAAA GXACAXCAXG AGCAACGCG7 7AG7A7A7Tr 7ACAA7GCAC A7XAACCCTC 
1921 XAXACCG7XC 7AXGXTXAT7 GAXXCAGA7G A7G7T7TAGA AAAGAAACXT A7TCAA7ATC 
1981 AAAACTTTAA 7CAAGAXCAA GA7GACGACG A7GAX7A77C 77G7AAAXCX G7TXXAGATG 
2041 AACAACA7GA CGCCCXAAAG XAXAC7AXGG XXACAAAC7A .7AAG7CXAXA C7ACXAAXtGG 
2101 CCACTTGXCC AACAAGG7A7 AG7AXAGXGA AAA7G77C77 ACAXXAXCAX XAXGAAAAAC 
2161 CAAA7AAA7C AGA7CCA7A7 CTAAAGG7A7 C7CUi:7CCA CA7AAXXTCA XCXAXXCCTA 
2221 CTTXAGAAXA CTTTXCATTA 7Arr7G7TrA CACCTCAACA C0AAAAAAA7 A7AXCCA7AA 
2281 7AGAACA7TA 7G7XAAC7C7 GCXAA7AACA 7GAAA7TSAA 7CAGXCrrC7C A7AAXAGCTA 
2341 7AATCACACA AC7XCTAAAA GGAAA7AAAA A7C7AAC7CA 7CAGGA7A7A AAAACATTGG 
2401 CXGATGAAA7 CAACAAGGAG GAACTCAA7A 7AGC7AAACT A77GXXAGAX ACAGCGCCCA 
2461 AAG7AAA7TA CAAGGA7G7T XACGG7TCTT CAGCTCXCCA 7AGAGCTGCX A7XGG7AGCA 
2521 AACAGCA7A7 CAXAAACCTG XXAA7CCA7C A7GGAGC7GA 7C7AAACXCT rrAAC7A7TG 
2581 CXAAACA7AA 7C7XAX7AAA AAAAAAXAAX A7CACCXT7A G7AA7ATXAA AAXAXAXXXA 
2641 7AACXCXAXX ACTAAXAACT CCACXGGAXA XCAACAXAA7 ACCAACTTTA XACAX7C7CA 
2701 7CAAAAXCrr AXXGACAXCA ACXXACAXXG XGAAAAXGAG AXXAXGAAAX 7AAGGAA7AC 
2761 AAAAA7AGGA 7G7AAGAACX XACXAGAAXG XTX7A7CAAX AAXCA7AXGA A7ACAC7ATC 
2821 7AGOGCTA7A AACAAXGAAA CCATXAAAAA XXAXAAAAAX CAXTXCCCTA XAXAXAA7AC 
2881 CC7CA7ACAA AAAXXCATTX CTCAAAGXAX ACXAAGACAC GAAXXAXXCG AXCCACX7XX 
2941 AAATTCT77T CAAGGA77CA AXAA7AAAXT GCCTTACCAG AT7CACXACA X7A7AC7GCA 
3001 CAAXC7r\A7 AACCA7GAAC XAAAAAAAA7 7TTACA7AA7 A7ACA7TAAA AAGGXAAAXA 
3061 GA7CATC7G7 7A77A7AAGC AAAGAXCCT7 G7TGCCAAXA A7A7ACAACA GG7A7TTCTX 
3121 rrTAXTTXTA ACTACA7AXX XGAXC7XCAX XCXCTTXAXA 7AC7A7ACAC AGAAAAXXCA 
3181 XAAXCCACXr AGAAXT7CXA GTIAXCXAC 
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1. tsolAts 3.2 kbp HnMr 
fragment from partial 
Raa I digestion 
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Figure 24A 



1 AGATATTTGT TAGCTTCTGC CGGAGATACC GTGAAAATC ATTTTCTGGA 
61 GGTCTTATCT ATTCTGTCAG- CAGAGTAGGT TCCTCTAATG ACGAAGACAA TAG TGAA 7 AC 
121 TTGCATGAAG GTCACTGTGT AGAGTTCAAA ACTGATCATC AGTCTTTGAT AACTCTAGCf. 
181 TGTACGAGTC CT.TCTAACAC TGTGGTTTAT TGGCTGGAAT AAAAGGATAA AGACACCTAT 
241 ACTGATTCAT TTTCATCTGT CAACGTTTCT CTAAGAGATT CATAGGTATT ATTAT^Air.AT 
301 CGATCTAGAA GTCTAATAAC TGCTAAGTAT ATTATTGGAT TTAACGCGCT ATAAACQCA' 
361 CCAAAACCTA CAAATATAGG AGAAGCTTCT CTTATGAAAC TTCTTAAAGC TTT A-: T T 
421 CTATTAC.TAC TCAAAAGAGA TATTACATTA ATTATGTGAT GAGGCATCCA ACATATAAAG 
481 AAGACTAAAG CTGTAGAAGC TGTTATGAAG AATATCTTAT CAGATATATT AGATGCATTG: 
541 TTAGTTCTGT AGATCAGTAA CGTATAGCAT ACGAGTATAA TTATCGTAGG TAG"^AGGTAT 
601 CCTAAAATAA ATCTGATACA GATAATAACT TTGTAAATCA ATTCAGCAAT TTCTCTATTA 
661 TCATGATAAT GATTAATACA CAGCGTGTCG TTATTTTTTG TTACGATAGT ATTTCTAAttG 
721 TAAAGAGCAG GAATCCCTAG TATAATAGAA ATAATCCATA TGAAAAATAT agTA^'GTAC 
• 781 ATATTTCTAA TGTTAACATA TTTATAGGTA AATCCAGGAA GGGTAATTTT TACAt-TC'-^A 
841 TATACGCTTA TTACAGTTAT TAAAAATATA CTTGCAAAGA TGTTAGAAGT AAAAAA.';aaa 
901 "gaactaattt tacaaagtgc tttaccaaaa tgccaatgga AATTACTTAG -TAIGTATATA 
961 atgtataaag gtatgaatat cacaaacagc AAATCGGCTA TTCCCAAGTT GAGAAACGG' 
1021 ATAATAGATA TATTTCTAGA TACCATTAAT AACCTTATAA GCTTGACGTT TCCTATAATG 
1081 CCTACTAAGA AAACTAGAAG ATACATACAT ACTAACGCCA TACGAGAGTA ACTAC'CATP 
1141 GTATAACTAC TGTTGCTAAC AGTGACACTG ATGTTATAAC TCATCTTTGA TGTGG7A7C.A 
1201 ATGTATAATA ACTATATTAC ACTGGTATTT TATTTCAGTT ATATACTATA T AGT A T A^c.^ 
1261 AATTATATTT GTAT AATTAT . ATT ATT ATAT TCAGTGTAGA AAGTAAAATA CTATAAATAT 
1321 GTATCTCTTA TTTATAACTT ATTAGTAAAG TATGTACTAT TCAGTTATAT TGTTTTATAA 
1381 AAGCTAAATG CTACTAGATT GATATAAATG AATATGTAAT AAATTAGTAA T GT A*'^ AT AC 
1441 TAATATTAAC TCACATTATG AATACTACTA ATCACGAAGA ATGCAGTAAA ACATAT-IAT^ 
1501 CAAACATGTT AACAGTTTTA AAAGCCATTA GTAATAAACA GTACAATATA ATTAAG"^*tt 
1561 TACTTAAAAA AGATATTAAT GTTAATAGAT TATTAACTAG TTATTCTAAC GAAATA^ATA 
1621 AACATTTAGA CATTACATTA TGTAATATAC TTATAGAACG TGCAGCAGAC ATAAACAT-T;; 
1681 TAGATAAGAA CAATCGTACA CCGTTGTTTT ATGCGGTAAA GAATAATGAT T A TGAT-'^tg-. 
1741 TTAAACTCCT ATTAAAAAAT GGCGCGAATG TAAATTTACA AGATAGTATA G.GATATTCAT 
ISOl GTCTTCACAT CGCAGGTATA CATAATAGTA ACATAGAAAT AGTAGATGCA TTGATATCAT 
1861 ACAAA.CCAGA TTTAAACTCC CGCGATTGGG TAGGTAGAAC ACCGCTACAT ATCTTCGTGA 
1921 TAGAATCTAA CTTTGAAGCT GTGAAATTAT TATTAAAGTC AGGTGCATAT GTAGGTTT'rA 
1981 'AAGACAAATG TAAGCATTTT CCTATACACC ATTCTGTAAT GAAATTAGAT CACTTAATAT 
2041 CAGGATTGTT ATTAAAATAT GGAGCAAATC CAAATACAAT TAACGGCAAT GGAAAAACAT 
2101 TATTAAGCAT TGCTGTAACA TCTAATAATA . CACTACTGGT AGAACAGCTG CTGTTATATG 
2161 GAGCAGAAGT TAATAATGGT GGTTATGATG TTCCAGCTCC TATTATATCC GCTGTCAGTG 
2221 TTAACAATTA TGATATTGTT , AAG AT ACTGA TACATAATGG TGCGAATATA AATGTATCCA ' 
2281 CGGAAGATGG TAGAACGTCT TTACAT ACAG . CTATGTTTTG GAATAACGCT AAAATAATAu 
2341 ATGAGTTGCT TAACTATGGA AGTGACATAA ACAGCGTAGA TACTTATGGT AGAACTCCGT 
2401 TATCTTGTTA TCGTAGCTTA AGTTATGATA TCGCTACTAA ACTAATATCA CGTATCATTA 
2461 TAACAGATGT CTATCGTGAA GCACCAGTAA ATATCAGCGG ATTTATAATT AATTTAAAAA 
2521 CTATAGAAAA TAATGATATA TTCAAATTAA TTAAAGATGA TTGTATTAAA GAGATAAAnA 
2581 TACTTAAAAG . TATAACCCTT AATAAATTTC ATTCATCTGA CATATTTATA CGATATAATA 
2641 CTGATATATG TTTATTAACG AGATTTATTC AACATCCAAA GATAATAGAA CTAGACAAAA 
2701 AACTCTACGC TTATAAATCT ATAGTCAACG AGAGAAAAAT CAAAGCTACT TACAGGTATT 
2761 ATCAAATAAA AAAAGTATTA ACTGTACTAC CTTTTTCAGG ATATTTCTCT ATATTGCCGT 
2821 TTGATGTGTT AGTATATATA CTTGAATTCA TCTATGATAA TAATATGTTG GTACTTATGA 
2831 GAGCGTTATC ATTAAAATGA AATAAAAAGC ATACAAGCTA TTGCTTCGCT ATCGTTACAA 
2941 AATGGCAGGA ATTTTGTGTA AACTAAGCCA CATACTTGCC AATGAAAAAA ATAGTAGAAA 
3001 GGATACTATT TTAATGGGAT TAGATGTTAA GGTTCCTTGG GATTATAGTA ACTGGGCATf 
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